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ABSTRACT 
By the turn of the century, mandibular movemen ts had become 
a point of interest and controversy. Numerou s philosophies have deve-
loped since, including gnathology. One of the factor s of gnatholoyy 
is based on the concept of reproduc i bi 1 i ty of the border posit i o.n s of 
the mandible. The literature is often contradictory concerning this 
topic. Much attention has been focused on these movements with the 
increase 1n sophistication of equipment. 
This investigation tested the reproducibility of pantographic 
tracings of the border movements of different subjects at various 
positions of the body under medicated and non-medicated situations. 
The tracings were made with the patient assuming a position of 45° 
and 90° to th£~ horizontal pl ane. The same subj ects wct"C aJrn in ister ed 
a muscle relaxant (Vnlium), and another seri es of pant ographic tracings 
were made under the same conditions. 
The recordings were checked for reproducibility by su~eri m-
posi ·~ion, and correlations v1ere made betv,een the var·i ables. 
In order to examine the reproduci bility of t he border movement s , 
the pressure sensitive paper of the Dena1 armamentarium wa s di scarded 
a n d pre c i s i one d g l a s s f l u ~J s v 1 ere mounted on t h c record i n ~J ta b 1 es of 
the pan to a r a p h . 1 h i s sys t em p e rrn i t t e d a cc u r a t e r c po s i t i on i n ~l of th c 
glass flags off and or1 the pantograph. The t rac ings were recorded 
on wax and etched with hydrofluoric acid to perma nently r ecord the 
border tracings. Recordings 1t1ere ,nagn i fi ed and a na 1 yzed op t i ca 11 y 
V 
as to whether or not they coincided. 
~t v,as fo und that there VJas an ·increase in r eproduci bili ty of 
the border mov emen ts wh~n the pa t ien t v1a s medicated. Ther e was a 
significant difference between the reproduc i bility of med i cated and 
non-medicated records. The Bennett movement v.Jas not always r erro -
ducibl e. Body position does not appear a factor influencing repro-
ducibility . Time after medication does not alter the reproducibility 
of border tracings. The neuromusculature appe1 rs to be the predom i-
nant factor governing the border movements. 
This investigation has developed a precise system whereby t he 
reproducibility of the mandibular border movenents can be t ested 
accura t ely . 
... 
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INTR(JDUCTION AND STATEMENT OF THE PROBLEM 
-----------------
The mo vement of the mand ibl e , border motions, r ctruded contact, 
(RC) positi on , habitual pos i t ion (IC), have challenged mc n.Y invest iga-
tors in the fi eld of dentistry and engineer i ng . Lately much attention 
has been focus ed on these movements and with the increase in soph i st i ca -
tion of equipment, a better understanding into the problem has now 
been obtained. 
The purpose of this investigation was t o test the reproduc i-
bility of pantdgraphic tril cings of the border movements of di fferent 
subj e ct s at var i o u s po s i ti on s of the body . The t r a c i n g s vJ ere made 
with the pati ents assumina a position of 45° and 90° to the hor ·izontul 
plane. The sume pa tients \·tere admi nis tered a mus cle relaxant (Vdlium) 
and another seri es of pantog raph ic tracings were recorded unde r the 
same conditions. ·rhe recordings were checked for reproducibi l ity by 
. 
superimposition of the tracings and correlati r ns were made bet~1een 
the various positions of the body and the effect of Vulium . 
The follovli, 19 questi ons \·Jere asked: 
1. Is the position of the body of infl uence when 
I anto~11 ap hic t 1 ac ings of border movc:11ents are 
r"ecor(l~d? 
2. Are these record ings reproducible v1hcn obtained 
at n separate 3ess ion? 
3. Does Va lium influence the border motions, and if 
1 
so, are these motions more reproducible when 
compared to those recordings obtained without 
the drug? 
4. Is there more reproducibility between various 
body positions when a patient is recorded 
under Valiu1i? 
5. Can any correlations be made between repro-
ducibility of pantographic recordings of 
patients that receive Valium and recordings 
that were made without Valium? 
2 
LITERATURE REVIEW 
History 
In order to und erstand border movements and the ph il osophy of 
gnatholouy better, a historical review is presented f irst . Th e funda-
mentals of the concept of gnathology date back to these ear li er reports . 
It appears that mandibular movement was under investigation as 
early as 1805. At that time, a hinge movement plane line articulator 
appeared on the scene. This instrument has been credited to J.B. 
Gariot. In 1840, Evens patented his artic~lator, described by hi m 1n 
his patent as 11 an instrument so constructed as to imi tate the motion 
of the lower jaw, and to exhibit the actual relationship of the upper 
and lower teeth and gums to each other in the most perfect manner ." 
His articulator incorporated mechanisms which permitted l atera l and 
protrusive movements. Evens can be cor1sidered the first to study j aw 
movements (Hall 1929). 
In 1858, Bonwill (1899) published the results of his research, 
The outgrowth of his v1ork v1as the 11 triangl e hypotheses. 11 Thi s v,as the 
first extensive wo rk on the function of the rnas ticatory system and 
mandibular movements. 
The basis of Bonwill ' s philosophy was tha t the distance between 
crests of the 1 ei t an d ri ght condyl e \"/ere equa 1 to the distance f rom 
either co .idyle to the contact po int of the lower central inci sors . 
The result was an equilateral triangle with s ides meas uring an average 
of four inches. The base of the triangle was a four inch line between 
3 
the condyles. The apex was the contact point of the two inci sors (in-
cisor p0int). 
Bon\'1il l's theory \·Jas contrived from his observations and 
measurements of 4,000 skulls. This theory was based on the fact that 
the center of each condyle was the center of motion. As rotation 
occurred about one, the other condyle described a portion of a circle 
and moved forv,ard in the glenoid fossa. This ·i s the center of motion . 
According to his measurements, the average distance v1as four inches . 
Measurements of as long as five inches in many cases of the Indi ans 
and Malays were recorded. His geometric analysis of n1and ibul ar move -
ment, 2s well as the center for opening and clos ing, v1ere coincident 
with the centers of the condyles. 
Bonwill observed and stated that the depth of overbite at th~ 
incisors controls the depth of the grooves and fissure s between pre-
. 
r11o lar and molar cusps. He felt this arrangement to be true in nature. 
!n addition, because of a constant alteration, the configurations 
of t he gl enoid fossa were immaterial, and the s l ope of the e111 incntc1l 
never had the same angle on either side. Hov,ever, pr oper· articulation 
could be obtained if one followed his theory. 
8on\•1i 11 obse:r veci the tripod arrangement of the rnand i b 1 e . The 
1 ines joining these points of the tr i pod \verc cquilaterc1l and 
formed a trinagle ~·,hose sides averaged four inches ± one-fourth of 
an inch. This equilateral triangle permitted the greatest contact 
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of the grinding surface of the premolars and molars as well as allow-
ing the incisors to all come into action during lateral movements. 
Another observation was that the canines, premolars and molars ran 
nearly in a straight line back toward the condyles, permitting the 
maximum surface contact for mastication. Normal jaws should have 
overjet and 11 underbite". Without such relationship they would lose 
their function of incising. The proportion overjet and "underbite" 
would determine the length of the cusps of the canines, premolars 
and molars. 
The triangle was contained within a perfect circle in which 
one had the greatest surface area. Only this configuration would 
confer beauty and symmetry to the face. The compactness consequently 
brought the largest number of teeth nearest the center of motion. 
The bilateral condyles prJduced greatest strength, easiest lateral 
movements, and greatest range of motion. It permitted the largest 
number of teeth to antagonize at every moment; and lastly, the triangu-
lar configuration developed the shape of the ramus, jaws, '1underbite 11 , 
and glenoid fossa. The triangle was necessary for bilateral balance 
in order for the muscles on both sides to act equally, as well as 
giving the largest number of muscles a chance to act on both sides 
simultaneously, with maximum efficiency. Lastly, the triangle per-
mitted the motion of protrusion, thus enabling the max ill ary and 
mandibular incisors to contact und incise. 
Balkwill in 1866 (Hall .1929) described all mandibular mo ve-
ments except the backward - horizontal, backward - upward, bac kward 
5 
dov,nward movement on the v,orking side, and arcuate l at eral mo vement . 
Included in his work was a description of the lateral shi f t (82nnet t 
movement). Balkwill observed that the condyl es fo rmed pa r t of two 
circles. Saggitally, the condyle articula t ed with the gl enoid fossa 
permitting hinge-like motion, as well as a forward and bac kward one. 
The mandible was able to per f orm both horizontal and vertical moti on. 
Upon closure, with the teeth in contact, the condyles lay in t he back 
of the fossa, and if the front of the mandible were depr ess ed it wo ul d 
turn like a hinge. Because the condyle~ can be divided i ,1to t vJo circles, 
the larger circle had its common center outside the fro nt teeth while 
the smaller one had its center far behind the last of the bac k t eeth. 
The consequences of this geometry \¥as that if the mand i b 1 e v1a s moved 
to the r i g ht , the a ct i on of the ex tern a ·1 pt cry g i o d mu s c 1 e of the 
opposite side moved the condyle a short distance (width of a "half 
grinding surface 11 ). The combined motion of the circles thus gave the 
r i g ht s i de a 1 ate r a 1 movement \v h i 1 e the 1 e ft s i de v10 u 1 d be moved d av, n -
ward and forward. Balkwill 's observation of t he or bi t ing and rota t -
ing condyles accounted for the fact tha t t he insi de of the upper teeth 
and the outside of the lower teeth are the hi yhes t cusps t o all ow 
balance, Balkwill appeared to have mou nted hi s cases on an instrument 
to a hinge axis, and arranged hi s teeth to a pl~nc corresµondinq to 
the angle of the con dyla r path. 
In 1889, Luce reported hi s experi ments in the Boston Hed ical 
and Surgical Juurnal. He corroborat ed muc h of Ba l kwill ' s v,ork as re-
lated to the curved condyl ar movements , and synchrono us forv,ard move-
ment of the condyles as the mandible opened. Luce reported discre-
pancies in the way of thinking at that ti me concerning rna ndib11 lar move -
ment. Briefly, Luce summarized some of ·the thoughts of t hat era . 
Munro (1735) stated that the mouth cannot be opened if the 
lower jaw was protruded, without withdrawing it from its advanced posi-
tion. Ferrein (1785) stated that the condyles advance under the 
eminence. Humphrey (1858) and Morris felt that as the condyl e ad-
vanced along the gle~oid ridge it only will approach the erninence. 
According to Kuss the mandible represented a lever moving around an 
axis with its center at the condyles. The condyles remained in the 
glenoid cavity during small jaw o~enings. However, with greater 
separation of the jaws the axis was placed at or near the dental fora-
men. Quain (1883) stated that upon opening the condyles rested on 
the convex root of the zygoma. AccorJing to Gray (1887), on minimal 
opening the condyles rotated around a transverse axis against the 
cartilages. With a larger opening, the condyles simultaneously moved 
forward and glided along the articular eminence. 
Using photographic methods simil_ar to Ulrich and Ma rey, Luce 
(1889) performed his experiments. He observed that forv-,ard movement 
o f the ma n d ·j b 1 e w a s mos t ra p i d i n the mi d d 1 e o f i ts co u rs e . Th i s vi d s 
the reason for the loop - like cha racter observed on sag i ttal trac-
ings. The condyles were found to advance i1nmediately forward on 
opening; a_nd as they moved on to the eminence they did reach the 
summit and seemed to mount the anterior side. Luce agreed with 
Meyer ( l 8 7 3 ) that the j a vJ was s u s pended by i ts 1 a t er a 1 1 i g a 111 en ts . 
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Upon protrusion and v1hen the mouth was opened the condyl e coul d continue 
to advance. He also observed no terminal hinge position on retrus ion. · 
Lastly, the jaw did not open and close in a strai ght 1 ine . This ,,,as 
due to t he extreme mobility of the ma ndibular articulation, resulting 
in an asynchronous advance of t .he condyl es. In his conc l us i o,s , Luce 
· stated a neuromusc.ular conce~t of ma ndibular movements, "that the con-
traction of the various muscles cooperating with and antagonizing eac l1 
other was the important factor in dete rmining the exact mo vement of 
the jaw. 11 
In 1896 Ulrich (1959) used similar experimental techniques as 
Marey and Luce to elucidate mandibular movements. Ulrich's results 
showed many interestinn facts. The condyles moved with an even velo-
city on movement of maximal openi 119 . Toward the l ast segment of this 
movement, it v,as observed that they moved much slov,er or not at all. 
The condyles on maximal opening moved anterior to the articular emi-
nence. Ulrich found instanteous axes of opening with the ~ondyles 
commencing their forward movement immediately. Also t he pa th of 
opening and closing in the same subject was coincident. With protru-
sion (with the teeth in contact) the condyles could move f urther for-
ward, if the jaw was moved from max imum prot ruded tooth contact to 
max imum open in9. As far as the possib ili ty of a terminal hinue open-
.,. 
ing n1ovement, Ulrich Jid observe i t in one df his subjects when sup-
pressi11g protrusion. 
Interest ing obs ervat ions were obtai ned with l atera l excursions. 
It was observed t~at a sma ll bod ily shift of the mand ible existed 
8 
d i rec t 1 y 1 a t er a 11 y . · Thi s s h i ft occurred i mme di ate 1 y . The b a 1 an c i n g 
condyle exhibited a similar shift in a medial direction. This was 
fo 11 owed by a forvta rd and somev,ha t media 1 movement of the ba 1 anc i ng 
side condyle; while the working condyle moved farther laterally and 
backward. Hence the axis of the left or right lateral excurs ion was 
not located in the working condyle, but located posterior and medial 
to the working condyle. The axes were instanteous and not stationary. 
The magnitude of this shift varied from 1.5 - 3 mm. From this obser-
vation, Spee's con~ept of the axis of movement in the region of the 
orbitae was incorrect. The movement path during protrusive tooth con-
tact did not resemble the occlusal curvature set forth by Spee. Only 
ifi the cusps were completely worn could Spee's theory apply. Other 
observations of Ulrich's work indicated that the shape of the joint 
surfaces do not govern jaw movements, but were determined by the 
syneristic action of the muscles. The total movement range was seldom 
utilized during function, such as speech and singing. Also, mastica-
tory movements were the results of opening, forward and lateral move-
ments . . 
points: 
Posselt (1959) critique of Ulrich's thesis emphasized several 
1) The condyles start their forward movements 
immedi ately in habitual opening of the mandib l e 
from the occlusal position; 
2) There were no fixed axes for habitual functional 
movements; 
3) Normally, individuals could retrude the mandible 
posteriorly from the usual intercuspal position; 
9 
4) Lateral side shift varying in direction; and 
5) Proorioceptor - like regulation and/or central 
regulation of movements were inferred. 
t,Ja lker (1896, 1897) investigated the individual movements, 
registration, and the reproduction of mand ibular movements . Wa lker's 
methods of registration of ~av-, movements became known as the extra -
oral technique. Walker's analysis and inventions provided more accurate 
descriptions of mandibular movements. His observations showed that 
the working conclyle moves both slightl y up\vard and backv~urd, while the 
balancing condyle travels downward, forward and on an incline. The 
path of the balancing condyle has an angular range from 25° - 45° to 
the line or plane of occlusion. This author also observed that dur i ny 
opening and closing n1ovements of the mand ible there was a point at the 
back of the ramus, below the upper surface of the condyle, which moved 
neither anterior or posterior. During mandibular opening al l of the 
jaw below this point moved posteriorly, whi le all of the ~andible 
above moved anteriorly. He summized that the mand ibl e does not swing 
fro1 ,1 the upper surface of the condyl e, but rather as though it \·Jere 
pivoting in a slot. He calculated this imagi nary pivoting point to 
be approx imate ly fifteen mi 11 imeters bel ovJ the upper surface of the 
condyle. Walker felt that the movements of the condyle constituted 
an imoo1 tant fa ctor for the art iculati on of teeth . 
Exp er i men ta 11 y , Wa 1 k er wo r k e d vJi th the Bon vii 11 art i c Li 1 a to r 
and theory. lie found that proper occlusion and articulation could be 
obtained on the instrument but not in the mouth . 
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In addition, to properly articulate models of natural teeth in 
variJus jaw positions with all the normal points of contact of the 
cusps, it \vas necessary to increase the condylar inclination f rom that 
of Bon w i 11 ' s a rt i cu 1 a tor . l·/ a 1 k er found a core 1 at i on s h i p bet v I e en the 
morphology of the morsal surfaces of the teeth, and the angl e~ made 
by the intersection of the f~nctional portion of the condyle path with 
the facial line. This was termed the 11 condylo-facial-angle 11 • Also 
involved was the angle made by the intersection of the condyle-path 
with th£ plane of occlusion or the "alveolar angle 11 • 
Walker. developed an instrument to measure mandibular move,nents, 
and an articulator to reproduce the condylo-occlusal or condylo-alveolar 
angles which varied between different subjects, as well as bet ween the 
two condyles of the same ind i vidual. In addition, he developed a de-
vice which registered, on a subject, the condyle path, plane of occlu-
sion relative to the facial line, the angles formed by the intersection 
of the s e 1 i n es , fa c i a 1 an g 1 e , man d i bu 1 o - fa c i a 1 an g 1 e . Th i .s de v i c e 
recorded the amount that the balancing condyle moved forward with a syn-
chronous backward movement of the working condyle (lateral shift). 
He termed this device the facial clinometer - an archaic panto9 ra ph. 
In addition, he was able to reproduce the drop of the ramus due t o 
the before un knov,n combined . f orvJa rd and dov1nv1a rd movement of the 
condyle. 
In summary, Walker appeared to have recognized all of the 
mandibular movements. With his understanding, he developed an 
apparatus to reco t d these movements on a patient, and to transfer 
1 l 
this information to his articulator which could be adjusted to receive 
these measurements. 
The next maJor i :1vestigator was Christensen in 1905. He regis-
tered the maxilla-mandibular relationship intra-orally. This was only 
limited to securing protrusive relation position. From Christensen's 
· theories was initiated the spherical theory of mandibular movements 
which later became popularized by others such as Monson ~o be discussed 
later). Christensen in his investigations and hypothesis relied on 
Spee 1 s earlier observations. Christensen emphasized certain points of 
Spee 1 s work in his article. Spee brought out the point that the path 
of the condyle must be in conformity with ,the bite - path; and as the 
jaw moved backward and forward, the jaw swung as a pendulum on an axis 
which must be imagined to go through a point in the orbit somewhat 
back of the lacrymal crest. Hence the biting surfaces of the teeth 
and the front part of the condyle, consequently described paths which 
. 
followed a cylindrical surface. Christensen observed that Spee's con-
cepts were not valid in all cases. Spee also noticed these discre -
pancies, and felt they were due to the meniscus . Christensen clai med 
the displacement of mandible consisted basically of only a forward 
and backward movement, or, if one condyle (balancing) be carried for -
v1ard one observed a corres ponding revolving of the other condyle almost 
on the spot. Any lateral shift cou ld be exc luded. He felt that the 
joint and bite-path were one mechanism; and that in the bite-path the 
contact took place under the form of surfaces, while in each of the 
two joints it was a touch of a point - the condyle aga inst a surface . 
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Continuing, the idea 1 bite-pa th had such a form that contact bet\·1een the 
bite surfaces were completely maintained during displ acement , and the 
configuration of this path must have been one of two forms - either a 
plane or a spherical surface. Mathematically, a plane may be defined 
as a spherical surface with an infinite radius. Hence one w&s dea ling 
with a sphere, and spherical surfaces were the only configuration wl1ich 
could maintain their own continuation in a joint-connection with grind-
ing surface contact. Thus, mandibular movements followed spherical 
surfaces, and resulted in extensive tooth contact necessary for pro per 
articulation. 
In practice, the individuality of each person's condylar incl in~ 
tions (joint-path) must be considered decisive, in determing the form 
of the bite-path in order to articulate teeth correctly. An articulator 
capable of these adj us tmen ts was necessary. It must have been c apa b 1 e 
of accepting the particular radii cha racteristic of a specific patient . 
The author also observed that if the joint-path did not corres-
pond with the bite-path, a separation between the teeth developed 
posteriorly during protrusive contact. This has since been termed the 
Christensen phenomenon. However, Walker (1896, 1897 ) previous ly noticed 
this pi1enomenon when the jaw went forward and downward on protrusion . 
In 1905 , Cctmp i0n publ i shed an article concerning mandibular 
movements utilizing means of extra-oral graphic recordings . Hi!:> re-
cordings of the movements of the condylar paths corroborated the 
earli er works of Luce and Walker. fi e defined the opening and closing 
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movement as a complicated movement resulting fron1 two axes; one through 
the centers of the curves of the articular surfaces of the co ~dy l es and 
the other ax is through the centers of the cu rves of the two eminentiae 
articulares. Camp ion's observation led to t he follo \v ing statement: 
11 
••• there is and can be no one axis 
about which the mandible moves in 
opening the ~outh, but that the move-
ment is a complex one, consisting 
first of a rotation of the bone on 
an axis passing approximately through 
the centers of the two condyles, and 
secondly of a for"'1ard and downv,ard 
movement of the condyles as they 
slide over or with the meni scus -
shaped interarticular cartilage 
along the curve of the eminentia 
articularis. The actual movement ... 
consisting approximately of more 
or less simultaneous rotation about 
two axes, one passing through the 
centers of the curves of the articu-
lator surfaces of the two condyles, 
the other through the centers of 
the curves of the two eminentae 
articularis .... in opening the mouth 
to the extent of one centimeter the 
movement is one of rotation about 
an axis passing through the two 
condyles, then in adjusting models 
to an articulator they must be so 
arranged that the hinge of the articu-
l ator must be in the same relation 
to the teeth or alveolar processes 
as the centers of the condyl es are 
in the living subject. The only 
part of the opening movement whic h 
an articulator i s concerned to ~e -
produce i s the i ni tial state, v,hich 
i s seen in the tracings to be a 
simp le ro tat ion about an axis pass -
i ny throuoh the condyl es . 11 
In 1908, Gys i ' s (1 910) monumenta l book 11 The Problem of Art icu-
lation'' was published. He r eg i stered graphical ly the lateral shift, 
var iable centers of rotat ion for the lateral jaw movements, form 
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and degr.ee of slant of the condyle paths to the occ lusal plane, and the 
form and degree of the path of the movemen t of the incisor point . Cer-
tain parts of Gysi 's book will be expounded upon here . 
Previously ~ Gysi noted that Walker and Christensen only regis -
tered the direct line ·betwcen the start and conclusion of the curved 
jaw registration. This resulted in an articulator unable to reproduce 
what lay between the curve. Gysi noted the eminentia articul aris has 
an inclination varying from '1° to 45° to the occlusa l plane . The 
three basic elementary movements were actually seen as variable com-
binations wh1ch resulted in a complexity of movements. Adding all fac-
tors - anatomical and muscular - resulted in compl icated masticatory 
movements. 
From Gysi 's experiments involvi ng the slant of the condylar 
path, he arrived at various conclusions. He found that the average 
condylar path angle was about 33°, and that in approxi mately ha lf the 
cases there is a difference of only 4° between the two condylars 
of an individual. This small difference could be attr i buted to an 
error in meas urement . Consequently, Gysi felt that ha lf of his sub-
jects had the same condyle path angle on both s ides . The rema ining 
half showed differences between 5° - 22°, averaoin0 app1~oximately 10° . 
Gys i next exp lo red the path of mo tion of t he anteri or tr i ang l e 
point (incisor point) in the horizontal plane . The vertical pldne, 
he felt, had nu practical v~lue . However, the horizontal plane was 
critical, because it varied from subject to subject , and had an 
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influence on setting up artificial teeth. 
From extra-oral gothic arch tracings taken, it was observed to 
be a conglomeration of interwined irregular scription. However, with 
fatigue there would be a distallization of jaw and the tracing would 
scribe a "correct regular curve" (border movement). The markings 
of the recordings were defined as an outer line bordering these tangled 
markings, and was the normal path, and a middle line which Was the true 
median line, as well ~s the normal closing po~nt in the resting (occlu-
sal) position of the jaw. This was Gysi 's description of the classical 
gothic arch .. Gysi, utilizing the basic scribed line, was able to ob-
tain the relative position of the balancing or rotation points of the 
mandible. Extending the angle of the gothic arch beyond the inter-
section points (anteriorly), the direction and path of the lower in-
cisors and canines during mastication could be found. The incisal 
path varied between different subjects, likewise, the center of 
rotation varied similarly. Gysi had found that these rotational 
points can vary from 7 to 13 centimeters (measured by a line drawn 
through the center of the condyles). These rotational points could 
lie outside or inside the condyles (the average distance between con-
dyles according to Bonwill was 10 centin1eters). In addition, these 
rotational points could vary within the san1e individual - one point 
inside the other outside the condyle. The position of these points 
were not anatomically fixed, but rather were ideal balancing points 
(Walker observed this fact). Gysi defined the balancing point as 
11 the axis of rotation resulting from diverse contractions of the 
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masticatory muscles, and happens to coincide only no\'/ and then vdth 
the condyles. 11 In the employment of these points, he sta t ed, 11 ••••• 
it is impossible to imitate the muscles of mastication on an articu-
lator, these balancing-points n1ust be substituted by mechanical cen -
ters of rotation the positions of which can be changed from case to 
case. 11 The position of these balancing-points determined the r elative 
cusp height and degree of overbite. 
Gysi concluded that the upper incisors because of t heir lingual 
inclination had the important function of acting as the anterior guiding 
and glidin0 plane of the mandible, v1hile the condyles and articular~ 
eminence acted as guides of the posterior movements of the mandible. 
Again, the r~nge of the two posterior guides slanted from 5° to 50° 
while anteriorly the guide slanted from 50° to 70° to the occl usa·1 
plane. Thus, the slant of the condyle path had no influence on the 
degree of overbite, rather the position of the balancing points de-
termined the length of overbite. 
The observation made by the author of mandibular moveme nts per-
m i t t e d the con s tr u c t i on of an a rt i ·Cu 1 a tor cap a b 1 e o f du p 1 i ca t i n g j aw 
movements. From the above, the requirements of an articul ator must 
incorporate: 
1) An individually changea ble slant of the condylc 
pa th; 
2) An individually changeable fr om of t he condyle 
pa t h; 
3) A changeable incisor guide; 
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4) Two individually changeable balancing or 
rotation points; and 
5) The incisor guide must .not change the 
slant of the condyl~ path; the slant 
of t he condyle path must , therefore, be 
independent of the opening movement. 
Another important point concerning jaw movement was the rota-
tion point. Many inv2stigators related to a spherical concep t of 
denture construction (Spee, Christensen, Weiss). Howe ver, Gys i felt 
that this concept pertained basically to ruminant articulations. To 
di ff er vv i th the s p her i ca 1 hypo the s i s , he f e 1 t that there mus t be a 
rotary movem.ent about the condyles which in forward and la tera l mo ve-
ments accompanied sliding circular movement. 
He showed that the mandible opened the small distan ce necessary 
to correspond to the degree of the overbite. The condyles r ema i ned 
in their normal resting position. The rotational point for this 
amount of opening movement lay in the axis of the condyles. This was 
the only center necessary and practical to be incorporated in an 
articulator. Other mathematical centers could be found but wo ul d 
prove to be purel y academic and not practical. Hence, thi s rotational 
center alone played a role ·in the lateral jav1 mo vements , and v1as the 
true rotation center vJith small j aw movements necessary before 
lateral or masticato ry movements were possible . 
The pronounced compensating curve (cu rve of Spee) appeared 
as a misinterµretat ion. Thus , the compensat ing curve did not over-
come the height of the overbite, but rather the steep mesial cusps 
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of the lower molars and distal cusps of the upper molars did. It was 
not due to a tooth curve, but rather accomplished by compensating sur-
faces. The tooth curve should only be termed a subsidiary curve, be-
cause it only aided if compensating surfaces need be l ess inclined . 
Hence, Gysi felt that the tooth curves did not play any compensating 
part in the protrusive bite. In his analysis of tooth curves in na-
tural teeth, he found these curvatures to be half those advocated by 
other authors. The most pronounced curve found 1,1as 20° to the occl usa l 
plane. 
Frank · in 1908, using the Christensen articulator, made some 
very interesting observations and remarks. One conclusion that he 
arrived at wes that the curve of Spee's center changed and could vary 
between the two sides of the same mandible. Frank observed that the 
teeth were the expressions of both the individual movement of the 
mandible, as well as the development of the teeth. Consequently, 
. the articulation was dependent on the shapes and positions of the 
teeth, and the joint mechanism. Frank also noticed t l,at the 
Christensen articulator as well as most others had a constant inter-
condylar distance. This was not the case in nature, and would intro-
duce error into the prosthesis. Also a prosthesis cannot fulfill 
the physiological articulation when the masti cat ing surfaces were not 
Jrranged along the proper transverse and sagittal occlusion curves . 
A prosthesis must permit proper mandibular movements required for 
mastication with full contact. In conclusion, Frank made a profound 
but true statement, "An anatomical articulator is good for nothing. 
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Life cannot be imitated." 
Later, in 1908, Bennett published another arti cle showing that 
there was no sinvle fix2d center of rotat ion. Thi s center shifted 
constantly. A path can be traced indicating successive posit ions of 
an instantaneous center of rotation for any given movement of opening 
a n d c 1 o s i n g . Th i s pa th wo u 1 d \' a ry w i th the nature of the mo v em en t . 
Bennett noted that the mandible was capable of two independent move-
ments. One movement being an angular rotatio~, while the other being 
translation. He felt that in natural movements, these movements were 
usually combined. Consequently, the center of rotation about which 
the mandible may be regarded as turning, had a position different from 
that of the condyle itself, and was capable of much variation with the 
nature of the movE.ment. Geometrically, any type of continuous plane 
of motion could be represented by rolling of one curve upon ano t her . 
The curve was termed a centrode, ana the successive points of contact 
were instantaneous centers. The configuration of the curves var i ed 
with the character of the movement. For any specific movement t\~10 ' 
. 
centrodes could be derived. From this, it was observed tha t there 
was no one center of rotation of the lower ja\lJ, but rather a constant ly 
shifting center. Also, Bennett observed that, even for very 111i ni ma l 
cpenin9 movements there 't/Ould be a small fol 'v1ard movement of the con -
dyles. Sin1p le ro t ation around the condyle was non-existant - no hing~ 
. 
axis. 
... 
Bennett also observed a lateral shift of the mand ibl e in his 
experiment. Although he was not the first to observe this phenomenon 
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this movement now has been credited to him by giving it his name . He 
noted that there was movement towards the side that the condyle would 
be expected to be stationary. There was considerable mo vement out-
wards a0ay from the articular surface and slightly downward. He felt 
that these two movements represented normal mastication. He measured 
the movement and obtained figures up to 3 mm. 
In general, Bennett felt that the problem of mandibular move-
ments was "more geometrical than anatomical". 
Another concept of mandibular movement was the central rotation 
. 
axis theory. Hillyer in 1913 introduced the Schweitzer theory on 
articulation. The hypothesis was that the rotational center of the 
mandible was located at the position of the vertebral axis (foramen 
magnum). The conclusion was based on examinations of articulated 
skulls. Geometrically, this center could be proven by constructing 
a double Bonwill triangle. These triangles were constructed with 
a common base. Hence, this necessitated a new instrument which had 
a fixed point in the region of the vertebral axis, and was adjustable 
by a facebow depending on each individual case. Jaw relationships 
were obtained by an incisor and molar path guide. 
In 1914, Hall (1929) introduced his concept of mand ibul ar 
movements which corrobated the ideas of Schweitzer , Hillyer, Snow, 
Christensen and others. His geometric concept was based on Bonwi ll 's 
observation that the masticatory apparatus was a equilateral triangle . 
~ 
The condyles were not the guide to the masticatory movements, but 
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rather the fulcrum upon which the mandible moved. The occluding planes 
of the teeth guided mandibular movements. Hall made the assurn~tion that 
the path of the condyle on the eminentia was to be considered movement 
out of or beyond functional occlusion of the teeth, and, consequently, 
had no bearing on or importance in connection with the arrang 2ment of 
the occlusion. The theory equated mandibular movements to planes and 
positions of the teeth to themselves, rather than to the condylar paths. 
The lateral movements were either gothic arch-like or arcuate in charac-
ter. The movement could be expressed as a conical moveme~t. Therefore, 
an articulator was developed to duplicate the conical movements of the 
lower jaw. The maxillary teeth, which guided the mandible, formed a 
curve conforming to the inner surface of a cone. Demonstration of 
his concept could be made by utilizing the 11 Stansberry check-bite 
technic''. The end result of this technique were two approximately 
parallel gothic arch tracings each at different elevations. (One 
tracing i? recorded at an increased vertical in order to allow for the 
cusps and overbite.) From this method, the arcuate (central rotation 
axis or area) character of lateral movements could be shown. 
The movement of the incisor point in lateral movement was 
described as both a gothic arch and arcuate in character. Either 
the latter or former could be made by the mandible when in function 
with cusp teeth and overbite present. It required an opening of 
the mandible. Hall felt that the gothic arch movement of the ma ndible 
was a prehensile one, incorporating protrusion. The arcuate l atera l 
movement could be described as a masticatory· movement without any 
0 
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11 protrusive 11 incorporated in it. 
Hanau (1922 ) professed his concepts of mas ticatory movements . 
He felt that the condylar paths served as a vi ta l functi on duri ng 
masticatory movements. He stated, "The glenoid fo ssa exists as a 
matter of fact. We reason that it serves a purpose. It will be the 
endeavor to establish the consideration which the glenoid foss a 
deserves as an element of the masticatory apparatus ... is a working 
a·nd power machine .... we have a bar (mand i b ·1 e) operating against a 
framework (maxilla). Both parts are equipped with guiding and wor k-
ing surfaces ... the motor consists of an assembly of coordinated mus -
cles .... in terms of an engineer, we may designated the masticatory 
apparatus as an automatic machine. We may go further with the radical 
comparison of an anatomical unit with a bone-dry mechanism, were i t 
not that the writer suspects some over-sensitive 'ologist' would 
take exception." He preceded to define mandibular movements in re-
lation to the condyle and condylar paths. 
The anatomic masticatory unit function was to triturate foods 
' 
without trauma. The masticatory surfaces operated smoo t hly and 
with no interferences. This could only be secured by providi ng t he 
masticatory surfaces with suitable di stribu t ion~ diameter , and 
direct ion. Hence balance contact was maintained dur i ng fu nction. 
This balanced ar ti culation wa s governed by the fo llowi ng fc1ctors : 
1) Condyle guidance 
2) Tooth alignment 
3) Incisal guidance 
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4) Relative cusp height 
5) Position of triangle of orientation 
(denture position) 
Hanau (1926) stated, "Articul a tion is a purely mechanical func-
t i on a n d as s u c h mus t be i n v es t i g a t ed and exp 1 a i n e d . . . The l a vi.:; of 
articulation express the reciprocal influence of the factors govern-
ing articulation." 
In 1932, Monson published his theory on mandibular movements. 
He felt that the growth and development of the mandible followed a 
definite law. It was observed that the angle at the symphysis at 
birth, age five, and in the fully developed mandible were all the 
same. Also t hat prenatal and postnatal mandibles all fo rmed equ i-
lateral triangles. It was d~duced that throughout life these ang les 
were maintained providing no pathology was present. In addition, 
Monson felt that the symmetry of the mandible was a product of mus-
cular action balance. With perfect mandibular symmetry·- equi l atera l 
sides of Bonwill 1 s triangle and all sixteen teeth present - the mandib le 
would conform to a spherical base with one commo n center toward whi ch 
all forces were directed. When the mandible was i n a stat ic cond i t i on, 
the muscular action was considered balanced. This center of app li ed 
force was co incident vii th the cornmon center in the ~eome t1 i cc111 y ba -
1 anced ma ndi ble . Sepa rately ) or collectively, the mus cula ture effected 
its cumulative force toward this center. In his experiment, six inch 
rods were attach ed to plates at right angl es . The rods were related 
to the long ax is of the teeth. The point of intersection of the rods 
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were united, and this device was placed on numerous normal lower casts. 
Then,· calibers (dividers) were set to the length of the rods, and the 
dividers free point passed to the outer point of the axis of the condyle. 
He found a common cneter around which the mandible functioned. The 
guidance during mastication was the cusps of the teeth at fit st contact. 
The condyles wquld guide the lower jaw to first contact. Then the 
major guidance were the teeth. Greatest support of the mandible were 
the natural teeth. This was shown by the distortion which occurred 
in the T.M.J., changes in condyle forms, men ·iscus puncture , etc. 
Monson concluded that the form of the condyles and the positional 
relation of the mandible \I/ere not dissociated, but were totally de-
pendent upon the occlusion of natural teeth. 
In addition, Monson observed the Bennett movement, and con-
cluded it to be slight and negligible as far as practical application 
to jaw movements. 
In 1936, Stallard, an orthodontist, related the dental articu-
lation as an objective aim of orthodontics. Using the "Gnathokin" 
designed by McCollurn and Stuart, he developed rules for art iculat ion. 
His introductory statement summarized his opinion, as \11ell as being 
a basis bf articulation involved in the gnathologic concept of 
j aw movements and art iculation. He stated : 
... 
"If articulation is to be accepted as the 
aim of orthodontic treatment, it wi ll be 
necessary for us to know how the ma in fac-
tors in articulation are interrelated; how 
the height of the cusps, the slant of the 
condyle paths, the character of the condyle 
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paths and the inclination of the plane 
of occlusion affect the curve of Spee; 
how the lateral rotational centers and 
the lateral paths of the condyles are 
related to the position of the teeth in 
the arches and to the overjet of the 
teeth, and how the opposing ridges of 
the teeth are related in all the articu-
lative movements and in the various 
stations of these movements." 
Rules have been established for proper articulation, and the 
reader is referred to Stallard's article. Stallard, although an 
orthodontist, conceptually could be termed a gnathologis t . 
This historical review wilJ be stopped at this point. Al-
though this review has not covered all authors, it does emphasize 
the work of many pioneers which provided us with the foundation 
upon which to build. 
From this heritage developed the roots of gnathology. Before 
expounding upon the gnathologic concepts of mandibular ~ovements, 
a definition of the envelope of motion of the mandibular and related 
terms shall follow . 
• 
... 
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Defininq Ma ndibular Motion 
---- ---
The mandible performs comp licated and comp lex series of rn:.i vements . 
This is a composite of motion in which rotation and trans lat ion are 
s i mu 1 tan e o us 1 y occur r i n g . ~/hen def i n i n g the com J1 one n ts of man d i bu l a r 
movements, a clear picture of these motions will develop. 
A movement could be defined as any change of place or position 
of a body. Hence, mandibular movement represents all changes i n 
position of which the mandible is capable of pe:--forming (Guichet 19fi9 ). 
Posselt (1952) defined an active movement of the mandible caused by 
the subject's own muscular itrength; ~iliile passive movement would be 
that movement of the subject's mandible supported by the operator's 
hand, utilizing so slight a pressure as to be considered eliminating 
both the myogenic tonus and the possible relfex muscular resistance . 
Rotation is the motion of a body about an axis. If ro ta tion 
about this axis is being performed and if it lies outside -the body, 
the body is displaced along a circular path. Th e radius wfil be equal 
to the distance from the body to the axis of movement. On the other 
hand, if this body i s sphericJ l and the axis passes through i ts cen -
ter , the body vii 11 then be s ta t i on a r y a n d re ta i n the same po s i ti on 1 n 
s pa c e . Th u s , t he re w o u l d b e n o c ha n ~J e i n po s i t i o , 1 . Ho\': e v e r , i t s 
ore i nta ti on i n space may change \11hether the body i s dis pl aced or rot 
(Guichet 1969, Posselt, 1971). 
Translation (Passel~ 1971) is defined as the mo tion of a body 
v1hich occur~ when all points vtithin the body are mov ing in the same 
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direction and at the same rate of speed. This body is being displaced 
along its axis, i.e., displaced and shifted from one po int to unother, 
in space with a resultant change of position. This is applicable to 
the body as a whole and individual parts. Neither the body or its 
part undergo any changes in orientation in space. 
The mandible may be termed as a sliding hinge joint because the 
temporomandibular joint has three ~pes of movements in three planes 
(sagittal, frontal and horizontal): 
1. rotation in which the condyle rotates against 
the lower surface of the disc, 
2. translation occurring between the disc and 
the mandibular fossa; 
3. combination of 1 and 2, i.e., \·1ith the disc 
translation occurring simultaneously with 
condylar rotation resulting in hinge move-
ment translation. 
Granger (1962) et al, defined manidbular rotation and translation 
as being due to the distinct anato~ and configuration of the joint . 
. There existed a lower and an upper compartment, either on e being con-
sidered as an individual joint. The lower compartment or joint was 
~omprised of the condyle of the meniscus. It had its own synovial 
membrane and fluid, and its function was rotation. That is, \•Ji t hin 
any possible functional range of tooth contact, the condyle ro ta t ed 
upon the meniscus around the axial center. 
The upper compartmen t itself was a separate joint capable of 
gliding and translatory movements . The joint was formed by the 
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meniscus of the glenoid fossa. The action here was one of gliding of 
the meniscus. The condyle mus~ remain in position on the pressure 
bearing area of the meniscus, and as the meniscus glided on the fossa 
the lower compartment n,oved as a unit on the fossa. Mechanically, the 
entire temporomandibular joint could be compared to a ball-an':i-socket 
joint. It could be moved about the glenoid fossa to various positions, 
bringing teeth into changing contact. These two joints always move 
simultaneously. 
To continue along this line of thought, the maxillary teeth were 
in a constant fixed relation ·w,th the upper joint, while the mandibular 
teeth were in constant relation to the lower joint. Hence, the relation-
ship between the teeth of both arches to each other must be determined 
by the relation of these two joints to each other (Sicher 1949, 
Granger 1962). 
The mandible has a movement space. This can be defined as 
the .space W~ich is circumscribed by a point on/or in fixed connection 
Ylith the mandible when it performs all border movements. The mo vement 
space is an expression of the mandible's capacity for extreme move-
ments. To clarify, a definition of border position is necessary. 
This is the position of the mandible when it has reached the limit 
of active movement in a particular direction determined by the tern-
poromanclibular joints and the soft tissues (Posse l t 1952). 
One sees that the mandible has a range of movements. The 
... 
g0thic arch tracing is the classic representation of these movements . 
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The extremities of the tracings are termed the border movements of the 
mandible and are reproducible. According to Granger, the ap.ex of the 
horizontal gothic arch tracing was not reliable for central relation, 
and rarely formed a true apex. This was because centric rela t ion is 
a vertical relation . . Others, likewise, felt the inadequacy of the 
gothic arch tracing because it did not represent the vertical relation 
(Hall 1929). 
All movements which occur within the boundaries of the gothic 
arch are term~d intraborder mo~ements and are not reproducible. The 
extremities of the arch constitute the framework inside of which the 
functional movements of the mandible occur, providing centric relation 
is not coincident with central occlusion (Clayton 1971). 
The movements of the mandible are nearly infinite and complex. 
However, one may disect these movements into different components 
providing a clear understanding. 
The opening movements of the jaw can be divided into three 
categories: 
1. Posterior - border movement 
2. Anterior - border movement 
3. Habitual - intraborder movement 
The posterior opening movement is a condylar axis rotation 
followed by both translation and rotation of the condyle. Translation 
occurs because the two condyles cannot be stabilized in specific 
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protrusive relationships. Consequently, only at ret ruded position of the 
condyles is the terminal hinge movement achieved. The terminal hinge 
mo v em en t ha s a range of up to 2 0 mm . ( Po s s e 1 t 1 9 5 2 :, 1 9 71 ) , a d i s tan c e 
measured between the incisors. While this terminal hinge opening and 
closing occurs, the condyles remain in their most posterior pos ition 
and rotate. This movement i s constant and reproducible, and can be 
pr~duced both passively as well as actively by contraction of the middle 
posterior fibers of the temporal muscles with concurrent control of 
the lateral pterygoids. 
Geometrically, in the opening-closing axis of the condyle, there 
is a vertical-sagittal component of movement. This is called the 
hinge axis. There is a horizontal-sagittal component of mandibular 
movement around a vertical axis (center of rotation), which intersects 
in the condyle with the hinge axis. There is a third aspect of move-
ment, a vertical-horizontal' component, which is a movement about a 
sagittal axis which intersects the hinge axis. All three axes inter-
sect at the same point in the condyle. Thus, the mandible i s capable 
of simultaneous rotation in three planes. The point of intersection 
of the above three axes is the center of rotary movement s of the 
mandible in function (Granger 1962). 
The openin9-c losinu movements, as well as the hinge ax i s , 
has been well documented by Posselt (1 952, 1957, 1971) where he us ed 
numerous means in analyzing mandibular movements . 
His analysis was accomplished by using: 
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1. Geometric construction from profile 
roentgenograms; 
2. Axis points recorded by means of a 
kinematic face bow and checked by 
prof i 1 e \ ·oen tgenograms; 
3. Hinge axis established by means of Kine-
matic face bow and checked by the gnatho-
thesiometer. 
From his analysis, he surmised a terminal hinge axis, that 
the movement and the axis passed through both condyles, and that there 
is a range of hinge opening. However, he did not imply from his studies 
that the axis can be precisely recorded, or that there should be any 
problems imitating this hinge on an instrument. In fact, in an experi-
ment utilizing a modified Hanau and Kinematic face-bow , Bergh and 
Posselt (1958) could not transfer tf1is relation without error (Posselt 
1958). He also found this axis to lie within the confines of the 
condyle body, although with some condyles this axis lies near their 
actual outlines. 
Mccollum (1939) postmortem experiments on cadavers showed 
that there was a hinge axis, and that the axis points fell within 
the boundaries of both condyles. In addition, he felt this hinge 
movement range to vary 1/2 to l inch. 
Sicher (1956) commented about the hinge position or term inal 
hinge position: He stated that it is that position from which the 
mandible can perform a pure hinge movement with a varying range. 
With hinge moven1ent, there was an automatic protrusive action of the 
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lateral pterygoids wt1ich had to br counteracted by a voluntary contrac -
tion of all or most of the retrusive muscles. Hence, the mandible was 
pulled into its most retruded position. 
Consequently, the retrusion was carri ed out by n1uscular action 
resulting in an unstrained position as far as the temporomandibular 
joint was concerned. 
Kurth (1951) in his experiments with articulators and a wo rking 
model, sho\'Jed that there could be more than one point wh ich may exist 
as a hinge axis. Since the "so-called" range of hin9e opening \'/us 
tetween 1/2 to 1 inch or 11 degrees, he concluded that to predict the 
characteristic properties of a physical system merely from an examina-
tion of 1/35 of it, (in other words, the operator observing the side 
of the face as the mandible moves through an arc of 10 to 11 degrees) 
was erroneous. In addition, other factors such as anatomy, physio-
logy, psychology, etc. effected the determination of the hinge axis . 
. 
He con cluded that it was doubtful 1t1hether this movement c·oul d be 
determined accurately. 
Page (1951) felt that the mandible was capab l e of acting as 
a hinge joint in its initial opening and final clos ing. He felt that 
without first locating the condylar rotutional axis, hinge ax i s , 
efficient articulation could not be obtained. 
Woelfel, Hickey and Rinear (1957) electromyog r aphically sho\':cd 
that a hinge-axis does exist. Vnowing that any forward movement 
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of the mandible (protrusive) necessitated the action of the la teral 
pterygoids, thus resulting in an increase in electrical activity. 
Electromyographically, they demonstrated that a hinge opening could 
be accomplished when a subject has been trained to perform this move-
ment. They noted no increuse in electrical activity of the latera l 
pterygoid. Their results also indicated that the neuromuscu lar sys-
tem was so arranged that the hin ge movement of the lo\'1er j av1 v,as 
possible. 
Posselt (1952) demonstrated that the condyle could be passively 
prevented f~om sliding forward in hinge-opening 1novements. The range 
he determined was 19.2:- 1.9 mm. However, opening movements beyond 
25.8 ± 2.2 mm. resulted in a forward-downward shift of the condyles. 
In addition, it was shov,n that a person could make a hinge-=opening 
movement actively. He also showed the range of hinge-opening to be 
12 to 18 degrees (Posselt 1957). 
As the mandible continued to open beyond its hinge axis open-
ing, the condyles would move do\i'1nv1ard and forv,ard. Posselt estab-
lished this maximal opening at a range of 50-60 mm. between the 
. . 1nc1sors. 
The anterior border openinD movement v1as t he course of mo tion 
when the ma n d i b 1 e 'ti a s a t i ts max i mum pro tr us i on . The con d y 1 es \•/er e 
not as far for,·,ard as max ima 1 posterior opening. 
.... 
The habitual opening and closing movements were i ns ide the 
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move~ent space, an area if the former two types. of m0 vements were 
scribed on a median plane tracing. This was both a rotary and trans-
·l a to ry movement with a mom en ta ry axis qua l if i ed by propr ioc ept i ve 
signals and tooth guidances. Normally, the condyles \,1ere located 
anterior to their terminal or returned hinge position. Consequently, 
the mandible immediately ini ~iated a translatory movement \'Jhen the 
jaw opened from intercuspal position (Sicher 1949, Posselt 1952, 1957, 
. 
l 9 58, 1 9 71 ) . 
The protrusive relation v1as that relation of the mandible to 
the maxilla ,vhen the lower jaw was thrust forv,ard (Prosthodontics 
Gl6ssary 1963). In the context of this paper, protrusion and pro-
trusive path may be said to commence from retruded position th rough 
intercuspal and edge-to-edge, and tenninated in the n1ost protruded 
contact area, some\'thrlt anterior to edge-to-edge position. This was 
a tooth guided excursion, and its path on a median tracing was irregu -
lar and not a border position. 
During protrusion, the incisal path would be guided by the 
anterior teeth and carved. Likewise, the condyles had a path as it 
rode anterior on the en1inentia during protrusion. This path would 
be curved. These were seldom coincident (incisal and condylar paths) 
and became a factor during reconstruction. 
The protrusive path when being reproduced on an articulator 
must be taken into consideration in order to be utilized in the 
proper pros pect ive. The requiremen ts that must be understood about 
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the protrusive movements were the incli nation and curvature of the condy-
lar path and its relation to the incisal path and the upper cast (Villa 
1959). 
Centric relation or retruded position has been defined numerous 
ways. The Prosthodontic Glossary (1963) presents seven different de-
finitions. They are as follows: 
1. The most retruded relation of the mandible 
to the maxillae when the condyles are in 
the most posterior unstrained position in 
the glenoid fossae from which lateral move-
ment can be made, at any given degree of 
j a.w separation; 
2. The most retruded relation of the mandible 
to the maxillae from v1hich the patient can 
ma ,.,e 1 a tera l jaw movements; 
3. The most posterior relaion of the mand ible 
to the maxillae at the established occlusal 
vertical dimension; 
4. The most retruded unstrained rel at ion of 
the mandible to the maxillae at a given 
degree of vertical opening; 
5. The most retruded relation of the mand ible 
to the maxillae at a given de~ree of the 
vertical opening; 
6. The most retruded voluntary relation of the 
mandible to the maxillae; 
7. Any most retruded functional rPlat ion of 
the mand ible to the max ill ae (Boucher 1964) . 
Sicher (1 956 ) felt that the centric pos ition of the mandible 
was the ideal, totally harmonious, or balanced occlusal position, in 
which not only all the teeth were in proper contact, but also the 
joints and their muscles in equilibri ~m . 
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Page (1951) defined centric as the most retruded position of the 
condyles in their fossa from wh ich movements were possible. However, 
th i s w a s a use 1 es s reg i s tr a t i on w i thou t the hi n g e -ax i s de term i n a ti on . 
Simple condylar position or its rel at ion to their fossa alone were 
meaningless until it was complemented by a simultaneous and perfect 
interdigation of the teeth. This could only be accomplished by a 
hinge-axis registration, which could be exemplified by using a gothi c 
arch tracing solely to determine centric rela t ion. 
Kurth (1955) distinguished between functional and nonfunctional 
jaw movements. They were both distinct entities which had only one 
thing in common: centric relation. He demonstrated that centric re-
lation h<1d both a horizontal and vertical component. Th e determination 
of the vertical aspect was made from physiologic rest position, wh il e 
the horizontal vector wa s obtained graphicall y (needle-point tracing). 
With dentulous patients centric relation could be obtained from func-
tional movements. 
Boos (1959) defined centric relation as physiologic and occupy-
ing three-dimensional space. Hes.aid, 11 Centric maxilloniandibul ar re-
lation is the norma l static relation of the mandible to the muxillae, 
the glenoid fossae, and the neuromusc ul nr rncch<1nism, the position 1s 
t hr e e -d i me ·11 s i on a 1 , i n c 1 u d i n g ( h e i g h t ) , v Ji d th ( 1 a t c r u 1 ) , a n cl u e p t h 
(horizontal). Consequently) for proper registration of central re-
lation, additional factors must be consi dered, such as the vertica l 
dimension of occlusion and the range of functional areas ." 
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Federick, Pameijer, and Stallard (1974) showed that t he ma ndi bl e 
could be distalized in t o a retruded relation to varying degr ees) de -
pending on the amount of force utilized and the posi t i on of the body 
of the patient. 
l·Jood (1968) described .centric relation as having vertical and 
horizontal components. With methods commonly employed (the gothic 
arch tracing and the hinge axis location)2 the end result (cen tric 
relation) was 11 ••• abnormal, nonfunctional and dentist directed. 11 The 
measurements obtained by the gothic-arch tracing and hinge axis loca-
tion only resulted in nonfunctional positions. This was not the proper 
11 centr·i c position of the ma ndible. 11 
Rader (1953) stated that the centric relation jaw posi t ion of 
the mandible was obsolete, and merely represented a static position 
having no usefulness in functional occlusion. Tile maintenance of 
centric relation while the teeth were in occ1usion was imposs i bl e . 
This relationship was a futile exercise. He stated: 
' 
"No part of this relationship can be transfer red 
to an articulator, except the horizontal r elation 
of the alveolar ridges ... The distance f rom t he 
rotational centers of the two condyles, t he 
natural symmetries and/or a asymmetri es ex i st ing 
between the two condyl es, and the occlusd l plan e 
both l ateral an d anteroposteriorl y , and the ab-
solute ly nececsa ry ori en t at ion of all these to 
some cran ial reference pl ane have been tossed 
aside the instant the mounting in the articulator 
is attempted. 11 
The probl em here was that the definiti on of centr ic r elation 
refer ~ed to Lhe relation of t he condyl es t o the fo ssae . 
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The Prosthetic Glossary (1963) defined centric occlus ion: 
1. The relation of opposing occlusal surfaces 
which provided the maximum planned contact 
and/or intercuspation; 
2. The occ 1 us ion of the teeth \A/hen the mand i b 1 e 
was in centric relation to the maxillae. 
The first definition referred solely to a tooth-to-tooth relation-
ship irregardless of the position of the condyles in the foss ae . The 
second, however, did make reference to the condylar-fossa relationship. 
For this definition to be true, centric occlusion must have been co-
incident with centric relation. 
Posselt (1952, 1971) defined centric occlsuion as the inter-
cuspal position "which is the intermaxillary relationship v,hen inter-
cuspidation has occurred after closure. 11 He found this relationship 
to be anterior to the retruded position in approximately 90 percnet 
of the patients he investigated. His analysis of these two posi-
tions resulted in the following conclusions: 
"Repeated habitual mandibular closing movements 
gave a much more doubtful result with regard to 
antero-posterior intermaxillary relation than 
the one obtained by means of attempted retruded 
positions or movements. The recorded habitual 
positions ... were on an average 0.5 mm . to l .7 mm . 
anterior of the retruded position of the rnandible. 11 
Boos (1 959) felt that centric occlusion was to be establis hed 
i n conj u n c ti on "' i th c en tr i c j a vi re 1 a ti on . The f o 11 ow i n g re q u i rem en ts 
must have been met. 
1. An occlusion in harmony to the musculature and 
th~ temporomandibular joi nt function; 
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2 . A c en tr i c o cc 1 us i on to 'ti h i ch the ma n d i b 1 e 
was directed in mastication; 
3. A centric occlusion providing the proper 
relation in swallowing and in closing 
from J:, hysiol0gic rest position. 
The last part of his third objective related to rest position 
as being a border position. This had been shown by Posselt (1952) 
not to be the case. Posselt found in the cases he examined, that 
rest position to clo~ure was not a border movement, neither was ~en-
tric occlusion. 
Boos (1940) showed on a gnathodynamometer that the mandible 
had a power-point position. This position represented the position of 
greatest power and comfort. On a gothic-arch tracing it was found 
to be located 0.5 mm. protrusively from the apex of the scribed gothic-
arch in most cases, and sometimes lateral to the apex. This connated 
a functional area relative to the musculature and anterior to the 
condylar retrusive position in centric relation. Boos felt that this 
was predictable and reproducible. 
Wood (1968) found centric relation a nonfunctional relation, 
and functional position (e.g. chewing) was represen tat ive of the 
proper jaw relationship that was physiologic. The important movement 
o f the fun ct i on a 1 re 1 at i on sh i p vJ as t he c l o s i n g phase or the term i n a 1 
function portion. The termination of this closing phase had been 
shown by numerous investigators to be centric occlusion. 
Hodge and Mahan (1969):. Kydd and Sander (1 964 ), and Ingervall 
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(1964) found centric occlusion to be an intercuspal µosit ion, and an-
terior to the retruc.led position: Hodge and Mahan indicated that undue 
stress could be placed on tempol'ornandibular joints if centric occlus ion 
w a s no t propel· 1 y re 1 a t e d to c en tr ·j c j a \\I po s i t i on . 
The gothic arch tracing was a two-dimensional representation of 
the border positions, as well as intraborder positions . . The configura-
tion of the gothic arch shall be discussed indica t ing different authors' 
i nterp1'eta ti ons. 
Kurth (1938) as we ll as Hall (1929) felt that the gothic arch 
tracing with the teeth cut out of occlusion only represented a two 
dimens ·ional space. /~lso, the apex may have been a stra·ined position 
and no t be representative of t he t 1nue centric j aw position. They fe l t 
that a tracing of the incisor point must be obtained with the teeth 
in function. This would scribe an accurate tracing within a functional 
range, there was opening mo vement in combination with anterior and 
latero~os t er ior movements. The lateral arms of tracing were indicative 
of mandibular movements having their origins in central rotation axis 
located posteriorly t_o the cun dylar chord. The accurate nature v1as 
due to this rotational area. 
Ku rt h ( 1 9 G 4 ) cm p ha s i z e d t ha t non f u n c t i on a 1 mo v e111 en t s ,. 1 c r c no t 
1·cpresentat ivc of the proper registrations for bu il dinu an occlusion . 
His ideas of function were based on the direction of the resultants 
of functional mandibular force, and that the candy.le \11as not c1 fulcrum, 
and the mand i bl e did not create a third class lever system. Hence, 
41 
functional mandibular movements should have been the basis for building 
occlusions .. 
Using post mortem jaws of cadavers, Aprile and Salzar (1947) 
demonstrated that the gothic arch tracing was solely a mechan~cul move-
ment. With their dismantlin0 and reconstruction techniques, they showed 
that mandibular movement must be governed by the structures and relations 
of bones and ligaments. 
The· anatomy governed temporomandibular articulation, not the 
position of the muscles or soft tissues. They also concluded that the 
gothic arch tracing formed a rhombus of the horizontal movements of 
the mandible and the interarticular fibrocartilages, capsular ligaments, 
and the i n terr~ a 1 and extern a 1 1 ate r a 1 1 i game n ts were the l i mi t i n g fa c -
tor in mandibular movemer.t. Thus limiting the length of the borders 
of the traced rhombus. 
Analysis of lateral movements showed an asymmetric rotational 
movement ~Ji th a· s 1 i g ht trans 1 at i on 1 a t er a 11 y of the man d i b 1 e . The 
movement toward the working condyle as the balancing condyle mo ved 
forward-downward-medially. Generally, the axes of the right and left 
lateral movements were not located in the vtorkinq condyle, but posi-
tioned ·in varying magnitudes posterior to it. Because of this, the 
working side vtould shift lateral, (sometimes with additional direc -
tions) varying according to the di stance between the candy ·1 e and 
axis. This was the lateral shift or Bennett movement. As previously 
discussed, this movement was originally described by Balkwell, ja l ker 
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and Bennett. Before leaving the discussion of the lv.teral shift, 
several investigators interpreted this movement. 
Landa (1958), using Bennett's own experiment as w~ll as his own 
methods of investigation, checked the va,l idity of the ''Bennett Move-
ment". 
Utilizing skulls, roentgenagrams, cinefluoroaraphics and electro-
myographics techniques failed to show the occurrence of the .lateral 
shift as currently thought. Landa 1 s analysis of Bennett's own experi-
ment and mathematics showed it to be scientifically lacking and invalid! 
Isaacson (1958) followed a more gnathologic line of thought. He 
described the possible movements of the working condyle v1hich would ex-
hibit the Bennett movement. This condyle would either move in a pure 
rotation to assume its terminal relationship, or it would rotate and 
move bodily toward its objective. The rotation movements would occur 
bet~veen the condyl e and met1 i scus, wh i 1 e the bod i 1 y shift occurred 
between the meniscus and the glenoid fossa. The bodily shift of the 
condyle and meniscus in unison was the lateral shift. 
· In ~is clinical experiments, it was shown that all the patients 
encountered had a Bennett movement in at least une condyle; it was a 
rarity to find a subject without a lateral shift; the average Bennett 
angle on the left side was 10. 15 degrees and on the right side 14.5 
degrees, with an overall average path of 12.33 degrees. There was 
no relation of the Bennett path to either age or sex; the range of 
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the Bennett path angulation was Oto 35 degrees, those patients who 
exhibited a straight path in both condyles had less an angulatian than 
those with curved paths, and some patients exhibited curved paths in 
both condyles. 
The gnathologic concept of the Bennett movement was that it was 
a component of lateral motion. McCollum (1939) emphasized its impor-
tance: 
"The shape of the Bennett movement has as much as, 
and probably more, influence upon the articulating 
surface of the teeth than any other -component of jaw motions." 
Granger (Page 1951) re-emphasized this, "since it is the pmver 
movement, it v1as the most important of the mandibular synergy". 
Rader (1953) felt that the Bennett movement was incorporated 
in the natural functional stroke, which was a combined medial, vertical 
and protrusive arc. Also, Page (1951) felt that the Bennett movement 
. 
was incorporated in the natural functional opening and closing move-
ments of the jaw. Page experiments showed that because of the asymmetry 
of the mandible the shift would take place automa tically during the 
normal opening and closing movements, and the shift was a natural 
sate 11 i t e of v er t i ca 1 r a the r th a n 1 a t er a 1 mo t i on . He s umma r i zed : 
11 
• • • s u c h a s a s yr.1m et r i ca 1 jaw can no t open and c l o s e on 
an arc lying in the sagittal plane alone ... divergence 
of the centers and radii will force a collateral 
transverse movement to accompany the opening and · 
closing. 11 
The condylar guidance plays a role in ja~, movements (l·/einber9 
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(1960). Posselt (1960) experimen ts indicated: 
1. The path of a molar cusp was influenced 
by both incisal and conylar guidance . 
2. Variation in tooth guidances did not alter 
the sagittal condylar paths, this applied 
whether the guidances were flat, curved or 
when a patient chewed with full contact of 
his own teeth. 
3. The condyle paths recorded for all possible 
gliding movements did not form a single line 
but due to the helcoid shape of movement sur-
face, had a certain height-forming a double 
line or broad 11 S11 • 
4. The height of the 11 S" curve was caused by the 
movement surface of the condyle being curved 
in the carnal plane, hence, it wa~ a two-
dimensional projection of a three dimensional 
condyle movement surface. 
5. Non contact, intraextreme movements of the 
mandible were directed solely by the muscles. 
6. In contact movement teeth and joint influence 
mandibular movement, and these were important 
in obtaining stress distribution in prosthetic 
work. 
7. In border position neuromuscular 1,1echanism 
played a r elatively small part, and in the 
extensively used reference positions muscl es 
cannot be said to have been the predominant 
factor over the joints. 
Intergrating both the opening moveme nts \AJith l at eral moveme nts 
(with and without tooth contact) resulted i n the ana lysi s of these 
movements in three di men sions . Thi s tt1a s the ''Space Envelope". 
The envelope of motion's extremities were tho se of the "gothic 
arch" and any intraborder movement would have t o be con ta ined in t hi s 
envelope (Posselt 1957, 1958, 1971). 
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Before discussing the gnathologic philosophy, a discussion of 
the recent telemetry studies of mandibular movements is in order. 
There has been much interesting data collected. The advanta9es of 
this type of research is the elimination of bulky equipment which may 
effect neuromuscular proprioception. 
Butler (1969) utilized dental reconstructions with different 
occlusal concepts. He noted a difference in the number of eccentric 
(Lateral) tooth contacts. \~ith a canine protected occlusion, there 
were fewer contacts on the canine in comparison to those subjects 
v1ith multiple contact reconstructions. This indicated that the mandible, 
in its tern1inal phase of chewing, became more vertical in the canine 
protected occlusion. Apparently, there were no alterations in the 
muscle response to change in working side occlusion. 
There was an important relationship noted between antagonistic 
muscles and tooth contacts. It had been observed in other joints of 
the body, that there was an overlap of EMG activity as a protective 
mechanism. 
This phenomena was observed during mastication. However, 
during command opening and closing mvoement, there was no overl ap 
in the EMG of the temporomandibular joint at the end of closure. 
This meant that the protective mechanism was not necessary because 
there was a positive stop because of the dental occlusion . 
.... 
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Using the 11 Case Gnc1thic Replicator", Messerman, et .al .(1969) 
came up with several observations: 
1. motion during terminal functional orbi t 
(region within 5 mm. of closing) was 
repeatable while mot ion outside this 
was generally random; 
2. terminal position was consistent in 
normal patient but varied in pathologic 
patients; 
3. maximum angle between opening and closing 
was repeatable for any person, and normal 
subjects seemed to have srna11 2r maximum 
angles than others; 
4. the closing angle was smaller and more 
repeatable than opening angle; 
5. the maximum condylar movement was 40 
percent of maximum central incisor 
movement; 
6. position versus time plotted of the cen-
tral incisor showed periods of stopping 
during closure, especially when test 
food had become soft for patients with 
normal occlusion but not for subjects 
with malocclusion; 
7. there was a hinge at the working condyle 
and not at the nonworking condyle, and 
that there was a l ateral shift-Bennett 
movement; 
8. a differentiation of patients with normal 
and pathologic occlusions could be made. 
The disadvantage of this exper iment v1as the bu 1 ky face bo~,s. 
G 1 i c km an and Pa me i j er , et . a 1 . ( 1 9 6 8 , 1 9 6 9 , 1 9 7 0 ) had run a 
series of experiments using minature multifrequency transn1itters em-
bedded in the pontic (molar) of a bridge. Many interesting result s 
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had been obtained in these studies throvling nevi li ght on mand ibular 
movements: 
1. during guidance and instruction, it was possible to 
register tooth contacts in the rnost retruded pos i -
tion of the mandible .in relation to the max ill a; 
2 . du r i n g ea t i n g or s w a 11 o ~,, i n g , re tr u d ed po s i ti on ( 1 ) 
'vtas used infrequer~t ly; 
3. most contacts during che\,1ing occurred in hab itual 
oc·c 1 us ion ; 
4. few tooth contacts during chevling pos terior to 
habitual occlusion were recor~cd both during 
chewing and swallowing; 
5. during swallowing the majority of tooth contacts 
were in habitual occlusion or a retrusive glide 
occurred from an anterior position into habitual; 
6. most single contacts, and less frequently, lateral 
glidi ng contacts occurred during mas ticat ion, but 
there were no repetitive pattern of tooth contacts 
that could be established during lateral excur-
. Sions; 
7. bruxing was characterized by repetitive side to 
side movements vlith teeth in con tact on all re-
corded occlusal areas-depicting this phenome na 
as a series of gliding movements \'1 hic h uniformi ly 
contact ha bitu2l occlusion and pos itions buccal 
or lingual to it; 
8. comparable glidinq contacts to (7) did not occur 
during ma stication which are haphazard; 
9. habitual occlusion appeared to be the true work-
ing or f unctional occlusion du ring mast icat ion, 
because i t \·/ c1 s t he µ o s i t i on th a t t he t e ct h con -· 
t act most often in chev!ing and S\·tallovling; · 
10. lateral excursions were not typ i cal of the chew-
ing cycle; 
11. contucts during swa llowing were of l onger durat i on 
than those dut ing chewing, and during swal l ow ing 
that contact occurred more oftf!n ( 182 ~ . 05) in 
centric occlusion than cen t ric relation. 
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Many of the above observations corroborated those of such authors as 
Ash and Ramfjord (1966). 
. . 
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Defining Gnathological Concep~~-
In 1924 Shaw (Stallard and Stuart 1963) said: 
"The \·1riting cut with such precision upon 
complex pattern of teeth may indeed be hier-
g 1 y p h i c s , b u t , eve 11 s o , i t "' a s s u re 1 y no 
random and meaningless scribbling. More 
probably it was a real organic language 
in which the principles of tooth design 
and mechanics were inscribed, and we might 
yet succeed in deciphering it if we took 
pains to learn its dynamic alphabet and 
master the elements." 
Gnathologists have attempted and still attempt to decipher the 
meaning of these organic hieroglyphics. 
The temporomandibular joint is the guidance system which dic-
tates mandibular movements (Mccollum and Stuart 1955). The joint 
acts as a lever. There are three different lever systems. That is, 
Class I which is most efficient and v1hich permi'ts the most work vJith 
the least applied force or power. Class II which is less efficient, 
and. Class III the least efficient system. 
Discussions on the lever system will be elucidated later in 
the section on modern gnathological concepts . 
. · Presently, a defining and a discussion of the various qnat ho-
logical instruments , terms, tracings) etc., i s in order. 
The pantograph is a recording instrument which scribes mandibular 
movements in t ~ree planes, and which produces a three-dimensional 
picture of these movements. It produces a recording of the borde r 
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movements, and the movement of the mandible between these border 
positions when tooth guidance is eliminated. 
If one would take check bites, this would only represent a 
registration of a given point or position. An articulator set by 
this method would only be ~ccurate (as far as mandibular move1nents) 
at these position points. The only positions recorded would be the 
extremes of the mandibular movements. The mandibular pattern of 
mcition between centric relation and the end of working contact is 
only arbitrary and a guess. 
To fabricate an occlusion to these records (Appendix, Figure 
1), the occlusal anatomy so established would only be in harmony ~Jith 
the dotted line CL. The precise dimension of that dotted line would 
be out of harmony with the actual mandibular movement recorded by a 
pantograph, represented by the line C'L'. This is a representation 
of the disharmony introduced in the occlusal pattern, and is also a 
representation of the potential amount of irritation. The last 
figure indicates proper occlusal forn1 which harmonizes with the 
pantographic tracing (Guichet 1969). 
Pantographic tracings are duplications of the mandibular 
movements with no resistance due to tooth guidances. One must 
learn to decipher the pantographic tracings. Tracings are not the 
true paths of mandibular movement, but rather magnified proj ections 
(The Bennett Movement is the only tracing wh ich is nearly 1 :1 on 
the posterior horizontal plate). These tracings represent the 
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effects projected in various pla;1es. Each tracing is made up of two 
parts jointed at point (RC) retruded contact position. 
The reason for the magnification of the tracing is the fact 
that they cannot be recorded at the actual center of rotation or the 
point at \'thich the respective movement occurs (Stuart 1959). 
The movements are scribed on right and left posterior horizontal 
and vertical plates, and right and left anterior horizontal plates 
(Appendix Figure 2). 
Point Con all tracings represented retruded contact posit i on 
(RC) or the terminal hinge position relative to the maxillae, and has 
the following characteristics: 
l . It is a reference point and constant check 
for centric position; 
2. Serves as a starting point for each eccentric 
movement; 
3. Serves as a position check for locking the 
upper and 1 O\.'Jer member of the pantograph 
prior to removal; 
4. Serves as a countercheck for the actual trans-
fer procedure and a countercheck after the 
clutches are reassembled and attached to the 
instrument; 
5. Serves as proof that centric stability of the 
instrument transfer has not been lost during 
transfer. ( Huffman et. a 1 . 1969) 
~ines Pis the path formed as the patient is guided into a 
protrusive movement (P). The 1 ine represents a do1;1nward-forv1ard 
movement of the condyles from RC. It is not a true border movemen t , 
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~.. . .. ... ........ - . 
hence, it cannot be exactly retraced. 
On the anterior plate, Pit is scribed in a posterior direc-
tion from C and has no great significance . . It can be used as a 
guideline for setting the articular eminentia. On the posterior 
horizontal plate, the scribed lines are basically straight, starting 
at point C arid tracking anterior. On the posterior vertical plate, 
P tracks from Cantero-inferior as an arching line. These lines are 
used in determining the proper curvature of the eminentia, and are 
influenced by the configuration of the postero-anterior anatomy of 
the fossa and eminence. It influences the occlusal anatomy in the 
vertical plane (cusp heights, fossa dept, and lingual concavity). 
The balancing path (B) on the anterior plate, runs in an oblique 
dfrection-laterally and posteriorly. It is an arc whose center is 
the rotational center of the opposite condyle. The path relates 
ridge and groove direction, and the linQual concavity of the maxil-
lary anterior teeth. The distance is primarily influenceu by inter-
condylar distance, Bennett movement, and configuration of the medial 
wall of the fossa on the balancing side. It is used to set the 
intercondylar distance. 
On the posterior horizontal plate, the line Bruns medially 
and forward. The balancing condyle, as guided by the medial wall 
of the fossa, moves medio-antero-inferiorly. This is nearly a 1:1 
ratio of the Dennett movement on the balancing side. This indicates 
whether there is a progressive, advanced or immediate side shift of 
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the condyle. It 1s used to set the medi'al \'tall of the fossa (Bennett 
a.ngle), and, depending on the degree of immediate side shift, the 
µos t er i or \,va 11 of the Fossa on its med ial aspec t. 
The posterior vertical plate scribes an arcing path runn1n9 
from C downward and fo rwa rd. This is governed by the superior wall 
of the fossa and inferior surface of the eminence, and gives their 
con f i g u r a t ·i on . I t i n f 1 u enc es the o cc 1 us a 1 an a to my re 1 u. t e d to c us r 
height., fossa depth) and the 1 ingual concavity of the upµer anter ior s . 
And, is used to customize th e eminentia's curvature and angle. The 
lines can move out\A1a rd or out\t1ard for\·1ard, bc1ck\·1ard, dov,11\1turd , or up-
\Ila rd . 
The working path (W) on the posterior hori zonta 1 pl ate reµre-
sents reciprocation of the Bennett movement of the balancing condyle. 
· The rotating condyle is displaced la terally, and is limited by the 
1 i game n ts on that s i cl e , a n d t he med i a 1 \~ a ·11 of th e f o s s a on the o the r 
. 
side. The line runs laterally and back\·1ard, and is used in ridge <1nd 
9roove direction, as \tt ell as for the lingual concavities of the upp er 
anteriors figure. 
On the posterior vertica l plate, l'/ moves out\·1a rd and up\'1<1 rd, 
straight outwa r d or out\·tard ant.I down\,n1rd . It effects the cus p hc i 0hts , 
l'ossa depth, t1nd linyual concaviti es of the upper anter ior s . Thes e 
measurements are used to determine the vertica l and horizont a l angu-
lation of the ern inentia. 
' 
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There i s a center of ro tat i on i n the head ~, fl ere the trans v er s e , 
sagittal, and horizo.ntal centers intersect and pure rotation results 
(Granger 1962). The connection of the centers of rotat ion in each 
condyle vtith an imaginary line is the hinge ax is. If the condyles are 
located in their rearmost, uppermost, midmost position in the fossae, 
this is termed the terminal hinge position or retruded contact posi-
tion (RC) . 
To locate this body in space, a t hird reference point must be 
located. This is located as a definite point on the axis orbital 
plane. The terminal hinge is said to be the crossroads of lateral 
movements, and harmony in lateral motions is dependent on a. centric 
occlusion in this relation (Kaplan 1963). 
The hinge axis, during any bodily mo vement of the mandible, 
moves right along and remains. constont to the mandible and teeth. 
If the mandible is protruded by moving the meniscus upon the 
fossa, the hinge axis remains in the same constant relation to the 
meniscus but not the fossa. Rotary motions still will take place 
around the hinge axis. From the centers of rotation or igina,te the 
vertical opening and closing and pure l ateral mnvements. Consequently, 
any combi nation of vertical and latera l movements have their centers 
at the same point (Granger 1952 , Lucia 1960). 
RC is or,e position h1hich is constant to both the maxill ne and 
mandible. At this position, we obtain pure rotary movement . This is 
55 
why RC is of such importance to articulation. 
At this point, we are able to separate the RC movement from all 
other j a \'I mot i on . W i th the 1 o ca t i on of th i s po s i ti on , \·/ e endeavor 
to trace and record the path of the center of rotation to duplicate 
all possible combinations of movements (Granger 1952, Lucia 1960, 
1961). 
RC, when recorded, is taken at an open vertical dimen si on. 
This negates proprioception. Proprioceptive impulses are responsible 
for the awareness of the position of the mandible in space which re-
sults in an intercuspal record. If one should use an arhitrary 
hinge-axis or no axis location, it would then necessitate the secur-
ing of a record at the exact vertical dimension ~,ithout tooth con-
tact. At least some type of location of the center of condyl ar ro-
tation is advisable (Christensen 1959). 
~/hen a second record is obtained (for RC check or remounts) 
and if no axis is taken, th0 second record must be taken at ·the 
exact thickness of the first, with the same wax consistency, and the 
patient closed the same way. Otherwise, the occlusal relations are 
apt to be \•1rong. 
vii th the 1 oca ti on of the termi na 1 hinge axis (and face bov, 
transfer), the C<lsts will articulate to the correct vertical di n1en-
sion no matter how thick (within limits) the interocclusa l record 
. 
1 S. 
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This is because one is on the exact arc of closure of the 
patient. Moberg, et.al. (1973) advocated the use of the pantograph 
(Denar) acting r.oth as a jaw movement recording device, as well as 
face-bow transfer device. 
The r equirements (Kaplan 1973) for a gnathologic mounted case 
are: 
1 . Te rrn i n a 1 hi n g e ax i s 1 o cation ; 
2. Pantoyraphic jaw movement recordings; 
3. Hinge bow transfer record; 
4. RC interocclusal records. 
Previously, a description of certain basic principles was 
discussed. Two .other gnathologic tools should be mentioned for clari-
fication. 
The clutch is a custom tray so constructed to secure the writ-
ing apparatus to the patient's jaws. The purpose is three-fold: 
1. to enable the various pantographic equipment 
to be rigidly attached to the patient 1 s jaw 
for terminal hinge axis location and record-
ing mandibular border movements; 
2. they negate influenc~s by us e of a central 
bearing pin while making the pantographic 
tracings; 
3. serve as a means of orientation when trans-
ferring the pantographic records from the 
patient to the articulator (Huffman et.al. 
1969, Lucia 1961, Koto~Jicz et.al. 1970). 
The fully adjustable articulator is of utmost necessity. 
It mu·st be fully ad justable in order to duplicate all the movements 
exactly as given by the patient. It must meet specification s such as : 
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1. an opening and closing axis so located that 
the casts can be conveniently placed the 
corresponding distance from the axis; 
2. adjustable centers of rotation, so it can 
be adjusted for all patients; 
3. some means of duplicating the inclination 
and curvature of the articular emincence; 
4. means of limiting the amount of side shift 
and sagittal displacenent; 
5. split axis which enables side shift to be 
duplicated (Lucia 1961, Guichet 19G9). 
These instruments must be precision made. An example of the adjusta-
bility of an articulator is th~ Denar 4A which has nineteen independent 
adjustments (Guichet 1969). 
Stuart (1959) summarized the necessity of a fully adjustable 
articulator: · 
"It shall suit the anatomy and physiology of the 
oral organ. If it does the inventor need not 
'make over' the human anatomy and physiology to justify his contrivance." 
Gnathologic Philoso.£.ti.x_ 
Since McCollum and Stuart's (1939, 1955) cl assi c book and 
articles on gnathology, certain beliefs have fallen into disfavor. 
Mccollum (1955) stated: 
"the joint movements do not change during thP life 
history .. . 1t1e have to \'/Ork to the1,1 . . . For years we 
have the evidence in recognized occlusal trauma 
that the teeth cannot guide the mandible ... and 
teeth out of centric relation is pathologic.(1955) 
In the same report Stuart (1955) said: 
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11 the shape and arrangemen t of the cusps of human 
teeth automatically produce a so-called uBalanced 
Occlusion 1 11 • 
As will be disc ussed later, this has been shown to be wrong 
and detrimenta 1. Stuart ( 1955) goes on: 
"so, if the teeth articulate, the cusps must be 
in harmony for both lateral movements, as the 
chewing stroke does not stop at centric. A 
balance automatically is created ... definite of 
every cusps of both upper and lower teeth." 
Obviously, the dogmatic acceptance of some of the original 
gnathologic concepts was ludicrous. 
Today, many gnathologist have altered their thinking, includins 
Stuart. However) the late Granger (1962) and Lucia (1961) still held 
to cross arch bilateral balance (today Lucia no longer follows such 
concepts). 
The problems of many of the earlier studies were revolved 
around the fact that they were performed on edentulous patients, and 
very limited studies were done with dentulous patients. But by re-
analyzing natural dentitions a nevi philosophy has developed. 
During the early days of gnathology, many of the occlusal and 
jaw movement concepts were developed by such people as McCo llun1 , Stuart 
(1939, 1940 ), Stallard (1 937) and the small Californian dental study 
group associated with the above. 
McCollum (1955) stated that gnathological treatment attemp ted 
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to relate teeth properly to each other in such a manner that they 
would have a cooperative relation to the ma ndible motions, that i s , a 
treatment of entire masticatory appa ratus. There \'/ere certain factors 
involved: 
1. Harmony of the jaws; 
2. Mandibular centricity; 
3. Hinge-axis; 
4. Character of the condyle paths; 
5. Slant of the condyl e paths; 
6. Laterul movements of the mandible; 
7. Inclination of the occlusal plane; 
8. Curve of Spee; · 
9. Curve of ~,Ji 1 son; 
10. Character of the cusps of the teeth; 
11. Dentolabial rel&tions; 
12. Overbite and overjet. 
The first six were fixed factors and could not be altered. 
HowevAr, the last six were alterable. 
With proper understanding of the somatognathic sjstem, t he 
author claimed to be able to produce the proper physiologic occlusion 
in balance. 
Lucia (1953) substantiated the above concepts. In this publi -
cation he dealt with these fixed f actors. Since we do not have any 
control over these factors and they were there, it becomes pa ramount 
to record them and make our restoration accordingly. This \•1as the 
only vtay to make the restorat ions to be acceptabl e . 
The concepts of occlusion were based on rotational cen~ers of 
the mandible. A graphic in terpretat ion (DePietro 1963) of this is 
seen in the append ix (Figure 3-6). 
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Kaplan (1963) distinguished bet~1een two joint-muscle acti vity 
which were determinants and those that were not. They were: 
1. movements in which contractions of the temporal, 
masseter, and medial pterygoids had not brought 
the condyle disc assembly to its seated path. 
These were not recorded in a gnathologic measure-
ment and they v1ere not occ 1 us ion determinants. 
2. movements after this elevating action had 
occurred. This group was recorded by gnatho-
logic measurement and they were the occlusion 
determinants. 
As knowledge increased, changes were inevitable. From fully 
balanced cross arch occlusion developed non-balancing side occlusions. 
A particular occlusion of a patient was dependent on how well it sub-
scribed to physiologic principles. 
An occlusion must meet certain criteria in order for it to be 
physiologic and in harmony with the gnathic system. These criteria are 
endodontal, periodontal, musculo-condylar, tuccolingual, and l ab io 
lingual (Stallard and Stuart 1963). 
In 1950, Stuart, Shaw, Stallard and D'Amico advocated cusp-to-
fossa balance and mutual protection. Stuart claimed the ma jority of 
his cases built to cross mouth bilateral balance were unsuccessful. 
Failures were due to excessive wear, the finely articulated surfaces 
became traumatic just as soon as wear took place , and that the ba lanced 
o cc l us· i on d i d not i n s u re or a l res t w h i ch re q u i red the pa ti en t to re-
educate himself on how to au tomate his chewing (Stallard and Stuart 
1963) . 
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Stallard claimed that periodontal clinical observat ions had 
sho~m this type of occlusion, when fabricated for natural dentitions, 
to be both unnecessary ~nd detrimental. Some of his pati ents complained 
of long lingua l cusps of the upper premolars, and fouled closure on 
· chewing. 
Other undesirable features were: 
1. cusp-to-fossa relationships existed only in part 
of the molar contacts. The premol J r cusps func-
tioned in opposing embr~sures, making wedging 
and tooth drifting possible; 
2. There were large areas of tooth contact and 
broad occlusal surfaces; 
3. in such a tight occlusion, slight changes pro-
d,iced readily observable discrepancy; 
4. when restorations were fully in balance, incision 
was often difficult; 
5. to produce a fully bilateral balanced case, it 
may have been necessary to increase the vertical 
dimension to a dangerous level (Lucia 1961). 
The balanced occlusion was absurd, and hindere~ t he free chew-
ing habits of specialized groupings of teeth. 
Sta 11 a rd and Stuart ( 1961 ) c 1 aimed there \r1ere t,,,o methods of 
avoiding tooth guidance-cuspless restoration and interdi gitat i on of 
cusps to fit the che\vinq motion. 
Cuspless restorations introduced their own problems such as 
lack of centricity, blade action., lateral tipping, due to horizontal 
chewing and rasping, and increase in concentration of friction. 
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However, after observing elderly people with little wearing of 
cusps, such arches were indicative of vertical chewing motion, and 
this discouraged horizontal occlusal movements. Their observations 
were the basis for the contemporary gnathologic concepts. 
They observed: 
l. The vertical arrangement of teeth allowed freedom 
in cutting, tearing and chewing food; 
2. incisors r.ould be put to work while other teeth 
were idle; 
3. canines could tear foods with no contact of the 
other teeth; 
4. the Ghewing teeth could be used on either side 
while all other teeth were idle; 
5. a general closure of teeth occurred only when 
the jaw was in the middle and most posterior 
retruded position; 
6. upper six antericr teeth had contact with the 
lower eight anterior teeth only in protrusive 
incisal test position with all other teeth 
out of occlusion; 
7. only the canines contacted in a simple lateral 
deflection of the jaw; 
8. only the upper and lower canines and lateral 
incisors had clo~ure contacts in the latero-
protrusive test position; 
9. the molars and pre-molars had occlusal contacts 
in centric occlusion; 
10. unilateral chewing could proceed without inter-
ference from the teeth .across the dental arches; 
11. each upper lingual cusp was loosely contained 
in a fossa of its counterpart in the lower 
arch; 
' 
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12. each lower buccal cus p was capped by a f ossa 
of its mate in the upper arch; 
13. the upper buccal marginal and lower marginal 
ridges of molars and pre-molars had no occlusal 
contacts anywhere at any time; 
14. and, a definite centric occlusion did not per-
mit sliding and it coincided with RC. 
They concluded that each inclined plane, cusp tip, ridge and 
fossa bears a precise relation to the basic border movements of the 
jaw. The canine should not be a jaw guider as exemplified by truncated 
wear of this tooth. 
With tooth guidance, fulcrums were introduced whicf1 cause mus-
cular confusion, joint and muscle pain; limiting the muscles in using 
the teeth sectionally, or required too much condyl e-eminence accomo-
dation. By removing tooth guidances, the teeth would only be passive 
· tools of the muscles. 
S tu a rt ( 1 9 64 ) corr ob or a t e d these f i n d ; n g s i n 1 a t er \·10 r ks . He 
analyzed young and old occlusions, both in the mouth and on gnathologi-
cal instruments, and noticed the sectional division according t o t he 
type of chevli ng being perf armed. 
lie noted tooth-to-tooth occlusion, cusp fos sa occlusi on, mu-
tual di sclusion, tr ipod type of contact of t he cusp to i ts fossa , and 
that teeth vier e u t i 1 i zed i n the i r n a tu r a 11 y s p e c i a 1 i zed 9 r o u p s . · Th e 
efficiency in chewing of t he dentition y/as observed t o be rel at ed by 
how well the opposing elements of occlusion wer e r el ated in jaw 
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closures and motions. 
In a mutual protected occlusion, the rational for use of cusps 
became paramount. The r,1ost retruded position of the mandible ~,as the 
cardinal principle for stability of the occlusion. 
In order to maintain and reinforce this, cusps must be employed. 
No restraints against wear can be accomplished except through cusps, 
and when cusps were in their centric fossa relaticn they could stop 
and prevent lateral stresses (Stuart 1959). 
Guichet (1969) had coined the term "occlusal disease" and de-
fines it as, " ... the sum total of the pathologic processes precipitated 
by occl usa 1 disharmony". 
Teeth with cusps may be introduced into the occlusal patterns 
~s irritations or fulcrums. Likewise, tooth inclines may have the 
same or magnifying consequences . 
• 
As a result, this may precipitate a bruxing response of the 
neuromu~cular apparatus. The wear patterns of bruxisms could l ead to 
balancing side contacts which were detrimental (Ramfjord and Ash 1966). 
The muse 1 es ~,ere exc.ited and cou 1 d act as forc e vector s to 
function against t he mandible, thus acting as a l ever . The conse-
quences were forces which were effected in the tissues of the gnaLho-
stomatic system in a direction contrary to nature's des ign of the 
tissues or structures to best withstand th em . For example, a RC pre-
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maturity would result in the mandible going in an anterior pos ition, 
that is, its most functional intercuspal position. 
Hence, the muscles were programmed by the occlusion to brace 
the condyles in such a psoition to accomodate the prematurity, and 
there was closure into this intercuspal position. Generally, a patient 
cannot receive this and is totally unaware of it. However, the condyle 
is di sp 1 aced and the 1 a tera 1 pterygo id muse le, 1-1hi ch is attached to 
the disc and neck of the condyle, is under constant contraction and 
stress 24 hours a day, seven days a week, 365 days a year (Guichet 1969). 
Todays gnathological concept is that of a mutually protected 
occlusion. We do know the mandible is a Class III lever, and should 
function as such. This concept permits utilization of the jaws to 
its maximum mechanical advantage. This can only occur when the teeth 
are properly arranged to suite mandibular movement. 
The mechanical advantage and rationale for mutual protection 
.. 
1s due to the fact that the human mandible is a Class II F l ever . The 
tempororna11dibular joint is the fulcrum; the masseter, med ial pterygoid, 
and ternporalis are the P@ers located near the fulcrum relative t o the 
work area performed by the teeth. In the final analysis, the f urther 
anterior 1·1e go in the arch, the l ess effici ent th i s system functions . 
H1.;nce, the forc e exer ted by the musc les (power ) res ults in less 1·1ork 
load on the teeth. Often the anterior tee t h are the l ast teeth t o 
go in the dental arch. They are structurally the ~,eakest (except the 
canine), however, because of their location they recei ve the least 
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possible pressures on a leverage basis. In addition, one of t he com-
ponents of the anterior teeth are canines which are struct urall y and 
anatomically very strong and receive minimum pressure . Thu s , a most 
favorable mechani ca l ad vanta ge i s ga ined. Idea lly, the Cl ass III l ever 
system should function both in a unil ateral and cross arch direc tion. 
The end result is a min imizing of the potential stress received by 
the teeth. W'ith prematurities, t he mechanical advantages are altered 
and potential damaging stresses increased. 
Anterior tooth guidance becomes an important factor in modern 
gnathological concepts. Before terminating our discus s ion on occlusal 
concepts, incisal guidance and its role must be mentioned. 
Schuyler (1959.) stated that complete occlusal coordinat ion of 
the masticatory apparatus necessitat ed a coordination of pos t erior 
,guiding tooth inclines with the two extreme guiding factors. 
The incisal guidance, as well as the unstrained condylar move-
ments in the glenoid fossa must be coordinated. Because of t he pr oxi-
mity to the teeth and the non-resi 1 iency of t he t eeth, th i s \·1as the 
more influenti a l factor. 
There \~ a s .a deg re e of res i 1 i ency and f 1 ex i b i l i t y i n con d .Y l a r 
movements. · Th e poster io r t ooth incli nes were governed by inc i sal 
guidance ~nd l ater al condylar movements) that was the Gennet t move-
ment. Schuyler concluded that anterior gui dance was the predominating 
factor, and the establishment of an ter i or tooth relat ion , aesthet i cs, 
and incisal guida1ce was paramoun t . Poster ior tooth surfaces wer e 
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then formed in harmony with this yu iding factot . 
Cohen (1956) utilizing a pantograph and gnathoscope, found that 
condylar guidance remai ned constant no matter how n1uch anter ior guidance 
or vertical dimension was altered. Hence, he fe lt that the condyles 
moved in qefinite paths and this factor could not be disregarded, and 
that the shape of the tooth to b~ employed n1ust be in harmony with these 
guidances. 
Kaplan (1963) stated that there are three anterior guidances, that 
\•1as protrusive guidance, left and right lateral protrus ive guidances, 
and right and left lateral border path guidances. 
During protrusive incisal guidance, the range of mo vement, in-
clination and curvature were only influenced by contacting tooth surfaces . 
. Lateral incisal guidances were influenced by both condyles and anterior 
teeth. It \Vas the path transversed by cont2cting lov1er anterior point 
• 
across the lingual surfaces and incisal edge 0f the corresponding upper 
teeth \,J hen the v.,ork·ing condyle v,as functioning. 
· \AJ i th l a t er a 1 pro tr us i v e i n c i s a 1 g u i J a n c es , the movements vier e 
infinite between the protrusive and the lateral gu idance , and was a 
condylar tooth guidance. 
G n a tho 1 o g i ca 11 y , an t er i or 9 u i dance \ .., a s i n v o l v e d i n f i x i n 9 the 
remaining upper teeth to those on the lower. In a static position 
of contact on the antefior guidance, t here was a corresponding static 
position of the condyle-disc on their seated paths. Th i s relation 
68 
permitted a transfer to an articulator in order to form a harmo nious 
anterior guidance to the occlusal determinants of the joint. 
The effects of the anterior guidance wer e con tacts in order to 
limit the excursive range, and consequently, li mit the envel ope of 
motion. 
One strove to uti 1 i ze an anterior guidance that ri 11 0\·1ed pos-
terior occlusal forms creating harmonious and efficient posterio r 
function. Too flat or too steep an erninentia can introduce harmful 
and destructive leverages ei t her posteriorly or anteriorly. 
Weinberg (1959) stated that the anterior and condyle guides 
have a definite relation to the occlusal plane and mesiodi st al cu sp 
inclines, and the latter two acted as a guiding facto r . 
Hence, these two factors formed a guiding factor that must be 
. 
harmonized with the two extreme guidance factors. 
• Th i s w a s of i n~ port an c e be ca use the ante r i 0 r a n d po s t e r i or 
guidances produced mandibular movement in prot rus ion. l~ ithou t harmony 
between the extremes, alteration of motion wo uld occu r . 
In addition, incisal guidance should harmonize \ll ith the musc l e 
complex. When teeth con tact due t o t heir mechan ical ad vantage they 
take preference over the musc l es . The condyl e paths rema i ned the 
same with anterior guidance changes (Cohen 1956). The body of the 
mandibul ar's motion will change accordingly. Thus , any changes wi th 
alterations in motions could contribu te to injury of the musc l es i f 
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to 1 era nee v1as exceeded. 
During la.teral excursive movements, the condyle paths r emained 
the same. If the re \tlas a change 1n incisal guidance, there \'lould be 
also a ·change in mandibular motion. Hence, the cusp i nc lina tions dur-
ing lateral excursion are related to only changes in the incisal gui-
dance, and their relative location betv1een the posterior and anterior 
guidances. 
Guichet (1969) stated that the t!1ree determinants, the tv,o 
condyle and anterior determinant (occlusion), were the anatomic n1echani-
ca11y 1 imiting fa·ctor of the border movements of the mandibular. 
vlith teeth present, the incisal guide \'las adjusted to the over-
bite and overjet of the subject. Without teeth or when r econstruc t ing 
the teeth, the anterior guidance v1as determined by aesthetics, phone-
tics and functional requirements (incision). From studies utilizing 
the pantograph on patients vlith both esthetica lly and phonetica lly 
~leasing teeth: indications were that there was no cor~elation be t ween 
the posterior determinants characteristics a nd the overbitA and over -
jet of the anterior teeth.. The anterior gui dance h'as t ot ally an inde -
pendent factor of occlusion. 
The controversy of the practicality of r eg i steri ng border 
mov ements has been long and undccisive. Some in ter est ing exper iP1ents 
have thrown some new light on this question. 
~!00d (1968) stated his belief on why bol der movement \·lcre 
70 
utilized as follows: 
11 
••• the recording is not taken because it is 
believed this is v1here the action i s , but 
because it is the most accurate, professionally 
available technique that will give the denti st 
the opportunity to construct an occ lusion 
f i t ti n g the i n d i v i du a 1 pa ti en t .' s needs . " 
Hatt (1968) claimed that the transfer of panto~Jrap hic tracings 
to an articulator could not be done accurately. Taking rcyistrations 
from a patient and asking six different prosthodontists to set an 
instrument resulted in six different sets of settings \·Jith al 1 six 
settings fo1 lwoing the lines of the border movements it·aced . 
To cross check this, pantographic tracings were made on a fully 
adjustable articulator. Similar results were obtained as in the first 
experiment. Did this indicate the frutility of pnntographing border 
movements? 
Other studies indicated the need for recording border mo ve-
ruents. Hodge and Mahan (1967) from their studi es showed cuspa1 in -
clined planes, cusps tip, and fossa shoul d be fabricated i n order to 
reinforce the posterior limicing structures 0f the joint . 
KotO\·'!icz, et.al. ( '1970) tested the reproducibility of punto -
graphic tracinas by nnvlyzing the art icul ator seLt ings . The results 
indicated that the instrument sett ings 0btained by the pantograph were 
reproduci'ble and that it was a practical character of border movements. 
Errors cc1n be introduced vtith improper positioning of the pantographic 
s t y 1 i re 1 at i v e to the term i n a 1 h i n g e ax i s ( Le Per n l 9 6 7 ) , v er t i ca 1 
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dimesnisons and central bearing devices (Clayton 1971). 
Clayton (1971) also showed that subjects with occlusal inter-
ferences functioned intraborderly (not touching borders) on tt1e anterior 
tracing plates of a pantograph when permitted to function with tooth 
contact. 
When the occlusal discrepancy was eliminated, the subjects 
· would function out to the border movements recorded gnathologitally. 
Hence, with centric occlusion coincident ,vith centric relation, patients 
did function (chewing) ot want to function to the borders. 
Border positions indicated that the mandible can be moved 
freely by the muse 1 es a ny~1here within the border movement. This \i,/u s 
without guidance, that is, restriction from the teeth. 
Hence, the condyles · provided the guidance, the muscles the 
movement, and the teeth were relatively passive only a little pro-
~oceptive guidance. 
The controversy still exists. The gnatho·logist has attempted 
to solve the mysteries of mandibular movement and occlusion. 
Gnathologists have approached occlusal relationships in a very prec i se 
scientific manner. 
The synthesis of all their thoughts is summed up by Huffma n, 
et.al. (1969): 
"CR and CO shall be made to coincide. All posterior 
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teeth shall contact evenly and exactly at 
the same time, at the established vertical 
dimension, when the jaw is closed in its 
terminal hinge position or CR. This shall 
be a three point contact between the cusps 
slope (ridges) \./ith the fossa slopes 
(ridges) forming the fossa perimeter; the 
cusp tip, per se, never contacts anything, 
anytime, anywhere. This tooth contact is 
referred to as 'tripodium'. The cuspid 
tooth, wherever possible, shall disclude 
the posterior in protrusive movements. 
Therefore, no posterior teeth shall con-
tact except in CRO .... This disclusion 
must be harmony with the TMJ and mandi-
bular mov~1ents. Neither the teeth nor 
the joint is permitted to become the 
dictator one over the other." 
From the literature review, it is evident that .many aspects 
about pantographic tracings and border movements are still unresolved. 
For that reason the following experiment was conducted. 
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MATERIALS AND METHODS 
Four patients were selected from Boston University School of 
Graduate Dentistry ranging 1n age from 18 to 20 years old. The 
patients had no temporomandibular joint symptoms, dental or any 
systemic prob ·lems. Discrepancies were noted in all patients bet\·.ieen 
RC and IC. Pantographic tracings were mude i,,Jith a Denar par1to9raph*. 
Clutches v1ere fubri ca ted according to the manufacturer's ins true ti ons, 
and adapted to the teeth of the patients. 
In order to test the duplicability of the border movements, 
it was decided that the pressure sensitive paper, ~·1hich is normally 
used tor recording border movements, was not appropriate for the 
purpose of this research. Fe r that reason a change in recording 
technique was employed. Glass flags were utilized, covering the 
, recording tables .. The glass flags v12re cut from histology slides 
and were anteri(?rly 25 mm. v,ide and approximately 21 mm. long, and 
poster·iorly 25 mm. wide and 12 mm. long. By means of a special set 
up or1 the recording tables of the pantograph, glass flags could be 
rep o s i t i one d a t any t i me i n ex a c t 1 y the same po s i ti on . Th i s vt a s 
very critical since it determined the accuracy of superi mpos i tion 
of the various recordings. For that purpose, Pindex pins v1c r c ut ·i 1 i zed 
Rnd affixed against tl1e platforms of the pantograph (Fi 9urc 1) . The 
g 1 a s s f l a p s were then po s i t i one d i n con tac t vii th the th rec p i n s of 
the table and St..!cured with a drop of sticky vtax (Figure 2) . Th i s 
tripod guaranteed consistent r epos itioning of the glass flags. The 
*Denar Corporation 
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usual procedure for recording was ca rried out and indi vidual clutches 
v,ere made for each .patient. 
Prior to recording of the border movements the glass f l ags 
were provided with a liquid shoe-poli sh wa x which recorded t he vari ous 
movements of the jav,s (Figure 3). It was found that this type of wa x 
permitted recording of the mandibular border movements with the l east 
amount of resistance. This is in contrast to other attempts v,here 
·solid wax was used, which was believed by several investigators (Stuart 
1959) to initiate too much resistance and therefore yield unreliabl e 
results. 
After completion of the tracings, the glass flags were re-
moved (Figure 4 and 5) coated and carefully secured to base pl ate 
wax. Hence, the only area that was exposed was the tracings of the 
border movements. The glass was then exposed to hydrofluoric (HF) 
acid which recorded the lines as the border motions permanently. After 
the etching was completed, the wax was removrd from the flag s with wax 
remover. 
The etch~d glass fl ags were then s~1othered with dense bl ack 
india ink. After removing of the excess the etched borde r movemen t 
tracing retained the black ink, showing up clear ly (Fi gure 6). By 
thus visuali zi ng t he trac i ng , the glass sli des wer e prepa t·ed for 
photographic 1ecording. The gla ss fl ays were superi mposed by l i ni ng 
up the edges of the pi eccs and 1 ut i ng them toge ther 1tli th sti cky ~vax . 
They were then photographed on a stereomic r oscope and vari ous super -
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impositions could thus be analyzed (See Tables I & II for super im-
positions later). 
Recording Procedures 
As mentioned previously, three patients were utilized. All 
three subjects were females ranging in age from 18 to 20 years. Each 
subject was pantographed six different times. The first recording 
v1as performed with the subject assuming an angle of 45°. During the 
second recording the patient was sitting straight up and at r i yht 
angles to the floor. After completion of these two recordings, the 
pat i en t \·! a s ad m ·j n i s t er ed 2 mg . of Va 1 i um or a l 1 y . An add i t i on a l fo ur 
sessions of recordings were ~eld at intervals approximately one, one 
a n d one - ha 1 f ~ t vto , a n d t v, o and one - ha 1 f hours a ft er Va 1 i urn i n ta k e . 
The objective was to .determi ne whether there were any differences 111 
border tracings under influence of a muscle relaxant. 1·he third 
recording and the fifth recording were taken at angles of 45° and 
the fourth and sixth recordings at rfght angles to the floor. 
It should be understood that once the pantograµh was set up 
and adjusted for orie subject it was tightly secured and not altered 
during the entire experiment. 
Jc c h n 1 g u c of ~er i mp o s ·j t i o 11 of th c G 1 a s s F 1 a .si_s_ 
A pt ecision meta l ~·Jith right angles \•fas utili zed to repos i tion 
the g 1 a s s f 1 a g s con s i s ten t 1 y and vJ i th i n a deg r c e of a cc u racy . 
When all slides were lined up flush, the glas s flags were lu ted to -
gether with sticky wax (Figure 7). Photogra phs ~,ere then made on a 
( 
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dissecting microscope. In order to be able to measure possiLle dis-
crepancy in superimposition a millimeter ruler was photographed con-
jointly. This permitted a constant scale. 
Every tracing for each table was analyzed and photographed 
for every possible combination. There were six recordings taken. 
The number of combinations were fifteen for each table. Since there 
were six tables~ ninety combinations of photographic superimpositions 
per subject were .recorded. The breakdown for combi na ti ans per pan to -
graphic table was as follows: 
Combinations with Slides 
1 2 3 4 5 6 Experiment 2 3 4 5 6 Number 3 4 5 6 Slides 4 5 6 
5 6 
6 
The obtained photographs were visually analyzed and re-
ferred to two categories. 1: A superimposition of the two 
tracings was noticed (Figure 8). 2: There was a discrepancy of 
the superimposition of the recordings (Figure 9). An example of 
one subject's tracings is seen in Figures 10 and 11. 
S ta t i s t i ca 1 c1 n a 1 y s ·j s a s to t he s i g n i f i ca n c e o f s u per i 111 µ o s i - . 
tion was performed. 
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fig. 1 Method of pin p 1 a cement on the pantograph i c tables v1h i ch 
guarantee accurate reproducibility. 
-,,_..·------------,,...--_._--~c--:"f 
• 
Fig. 2 Positioning and securing of glass f lao s on pantographic 
tables. 
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Fig . l 
Fig . 2 
Method of pin placement on the pantographic tables v1hich 
guarantee accurate reproducibility . 
Positioning and securing of glass flags on pantographic 
tab lcs. 
78 
Fig. 3 The application of liquid wax onto glass flags. 
Fig. 4· Close-up of one flag on the pantographic table after 
tracing. 
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Fig . 3 The application of liquid wax onto glass flags . 
Fig . 4 Close- up of one flag on the pantographic table after 
tracing . 
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• 
Fig. 5 A representative tracing in wax. 
;- ig. 6 Etched glass after application of Ir1di a ink. 
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Fig . 5 A representative tracing in wax . 
~ig. 6 Etched glass Jfter application of I11dia ink . 
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' 
Fig. 7 Superimposition of etched tracings. 
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Fig . 7 Superimposition of etched tracings. 
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Fig. 8 A typical recording of coinciding tracings. 
Fi g . 9 An ex a 111 p 1 e of 11 on - co i n c i d i n g t , .. a c i n gs . 
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Fig. 8 A typical recording of coinciding tracings . 
Fig . 9 f\n exa1:ip le of non -coinciding t 1'iJC in9s . 
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J 
Figs. 10 & 11 An overvie\v of all tracings obtained from Subject 3 . 
• 
83 


-· r 
\ 
. (f\J 

. • 
RESULTS 
On ·a total of three subjects, 270 tracings on glass flags 
were made. After etchin9 and subsequent cleaning, the tracings 
were ready for analysis. 
The superimposed photographically enlarged tracings of the 
border movements were analyzed for specific combinatibns. For each 
s u b j e c t there were n i net y ( 9 0 ) po s s i b l e comb i n a t ion s , a n d fc r the 
three subjects a total of 270 combinations. 
Each subj~ct was analyzed for coincidence of the tracings 
after superimposition, ind the combinations were as follows: 
l) non-medicated versus non-medicated 
2) medicated (Valium) versus medicated (Valium) 
3) medicated versus non-medicated 
4) combi nation ( tota 1) of 45° versus goo 
5) non-medicated 45° versus 90° 
6) medicated 45° versus 90° 
7) non-medicated versus medicated 
45° versus 90° . 
First an analysis of each individual subject was made . Then 
the resu 1 ts of a 11 three subjects \~ere com pated . 
The results for each subject as calculated in percents 
and compiled in table form (Tabl e 1). The results arc presented in 
per c en tag e co i n c ·j den c e after s up er i mp o s i t i on . 
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TABLE l 
SUBJECTS 
,- 2 
1 ) non-medicated vs. non-medicated 501~ 100% 
2) medicated vs. medicated 66 . 7 ~~ 80. 6~; 
3) medicated vs. non-medicated 43.8% 43. 8 ~~ 
4) comb·ination (total) of 45° 
vs. goo 55.6% 61 . 1 % 
5) non-medicated 45° vs. goo 50% 100~~ 
6) medicated 45° vs. goo 66 .7% 75% 
7) non-medicated vs. medicated 
45° vs. goo 45.8% 33.5% 
Table II sho\'1s the total results for a 11 three subjects. 
Coincidence/ 
TABLE II Possibilities % 
1 ) non-medicated vs. non-medicated 12/18 66.7% 
. 2) medicated vs . medicated 89/108 82 . 4% 
3) Medicated vs. non-medicated 69/144 47.9~~ 
4) · Total 4 5° vs. goo 103/162 63 .6% 
5) non-medicated 45° vs. goo 12/1 8 80 .6% 
6) medicated 45° vs. goo 58/72 66 . 7 ~~ 
7) medicated vs. non -medicated 30/72 41 . 71~ 45° vs. goo 
Bar graphs were composed for each subject as well as for 
the totals for all three subjects (Figures 10 and 11). 
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50% 
100~' 
54 . 1 % 
74. 1 % 
'50% 
100% 
54.2% 
The data was statistically analyzed applying the chi-square 
(X2) analysis with one degree of freedom. The following categories 
were evaluated: 
1) mediated vs. non-mediated tracings 
2) angulation of the subject 
3) time effect after mediation 
In this analysis the basic assumption was made that under 
normal conditions border movements were totally reproducible (Cohen 
et.al., 1956). 
The chi-square analysis showed the following results: 
1) There was a significant difference between 
the tracings taken under medication compared 
to the non-medicated tracings; 
2) There was reasonable significant evidence that 
the angle of the subject (45° and 90°) did not 
have a substantial effect; 
3) There were no significant differences at l, 
1 1/2, 2, 2 1/2 hours after medic~tion. 
Table III shows the x2 values for the above. 
TABLE III 
l) medicated vs. non-medicated 
2) angu lution 
3) time 
x2 
6.25 
13. 4 
2 . 72 
2 
.22 
. 5 
The last observation involved the ana lysi s of the lateral 
shift of the jaw. There was found a 54.4% (54/94) 
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coincidence of the Bennett movement. Statistically there was a 
significant difference in reproducibility, 
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Fig. 12 Bar graph indicati~g percentage coincidence for each subject . 
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DISCUSSION 
Although only three subjects were tested, it was shown that 
when a patient v,1as under the influence of a musc le relaxant (Valium) 
there was consistently greater reprodubility of the bo1~der movements . 
Interstingly enough this applied as well to the protrusive tracings, 
the latter not being a border movement. This was felt to be due to 
the relaxation of the neuromuscular component of jaw movements. Roura 
and Clayton (1975) similarly found an increase in reproducibility of the 
border tracings after one month of bite pl ane therapy for subjects having 
TMJ dysfunction. 
All subjects involved stated how relaxed they felt after the 
Valium had taken effect. When under the influence of the medication., 
it was observed that it was si gnificantly easier to guide the patient 
while pantographing. However, ~hen not under drug influence, the opera-
tor felt resistance while guiding the patient through their border 
movements. All subjects insisted that they- were tryin0 to help 
and were not resisting guidance wt1ile being pantographed without the 
use of medication. This point was exemplified strikingly by subject 
number 3 (Figure 14) while being pantographed at 90° to the floor 
vvithout the influence of Valium. Here it \vas found that, in addit ion 
to the lateral border tracings, RC v1as not r eproducible. Thi s aga in 
bi i n g s up the n e u r om us c u l a r fa c tor and ho,,., i t may i n f 1 u enc e j rt v, 
movements. 
Stuart (1959) claimed that the use of wax to cover the glass 
flags proved to be a source of error because of the friction and re-
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s i s ta n c e offered by th i s ma t er i a 1 . I n th i s exp er i 111 en t , s ever a 1 d i ff ere n t 
waxes were tried. The final result v1as the use of thin layer of liquid 
shoe polish painted on the glass. lhe wax layer was very thin, and offered 
a perfect rep·l a cement for the paper usually utilized, the etc hi n9 \vi th 
concentrated hydrofluoric acid did not present any difficulties. The 
penetration of the styli through the wax system designed in this test 
\vas effortless as \~ell as frictionle ~s . The system is comparable to 
Stuart's and even superior to the sensitized paper of the Oenar record-
ing system. By the elimination of the so-called 11 plo\ving thtough" the 
wax of past experiments, a frictionless system has been developed elin1inat-
ing any adverse effects which may influence the border tracings. 
ERrly gnathologists f~lt that the border movements were li1 1ited 
by the liga~ents of the temporomandibular joint once a patiEnt's proprio-
ception was depro9ramrr:cd. Aprile and Saizar et. al. (1947) \vo rkin f1 \•Jith 
cadavers, · showed that the border movements were 1 imi ted only by the 
ligaments of the joint. 
Mccollum (1939, 1955), Stuart (1955), ~ucia (1961), Granucr (1 9G2 ) 
and others felt that t he bordc.r movements were always reproducible and 
occlusion should be determined by the patient's individual border trac-
ings. From this concept, developed both an in strur,ienta t·ion (µ ontogr<1ph 
and fully adjustable c1r1·iculator) and an occlu ~a l concept of cross -drch 
fully balanced occlusion. But th is philosophy soon fell into disfavor. 
S tu a rt a n d Sta 11 a rd ( l 9 6 3 ) , a s 111 e 11 a s others , obs er v e d th a t 
many of their· o·ra 1 reconstruction s f abr i ca ted a ccordi nq to their con-
cept in dentulous mouths did fpil. It is no\'1 understood that the 
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neuromuscular complex was not being properly considered. 
Posselt (1952, 1971) demonstr·ated that in the majority of the 
population (95 p~rcent), IC differed from the RC position. The length 
of the muscles of mastication differs during each position. This 
difference in position could induce increased stress of the muscula-
ture. Over a period of time, this may result in an excited neuro-
muscular response (Guichet 1969, ~odge and Mahan 1967). 
Granger (1962) stated that when patients were pantographed with 
temporomandibular joint and/or muscle spasm that they gave poor re-
cords at the start of treatment. After therapy for the spasms, new 
panto0raphic recordings were made and these were found to be different 
from the first recordings. 
Huffman et. al. (1969) advocated bite plane therapy or drug 
therapy for patients with varying degrees of muscle spasms. 
Roura and Clayton (1975) showed that patients with TMJ dysfunc-
tion may not be capable of making reproducible border tracings, 
even after one month of occlusal bite splints. In addition, they 
observed that even with relief of clinical symptoms as studied by 
means of electromyography border tracings still might not be repro-
duced. They also felt there was a possibility tha t the anatomic 
features of the TMJ may not allow for reproducible border t racings . 
Communications with other gnathologists (Michaud and Goodwin 1974) 
indicated differences in border tracings because of stress on the 
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neuromuscular complex. This appe~red to be the case in this experiment 
as well. Although the selected subjects were free of symptoms, they all 
had discrepancies between IC and RC. Th~ gnathostomatic system had 
increased and tolerated the induced stresses. Border movements 1s a 
result of a patient's ability to control their muscles (Roura and Clay-
ton 1975). Deprogramming of proprioception 111ith the clutches alone 
gave 67 percent reproducibility. Induced muscular stresses prevented 
total reproducibility. However, with the addition of a muscle relax-
ant (Valium) the reproducibility was 83 percent 
When comparisons were made between position of the subject rela-
tive to the horizontal plane a close correlation was found, depend-
ing on whether they were influenced by drugs or n0t. That is~ when 
the patient was not medicatet.!, 45° versus 90° position correlated 
closely with the total overall non-medicated records (67 percent). 
Likewise, when records of 45° versus 90° were compared with the 
patients under the influence of Valium, these too correlated closely 
, 
with the overall medicated influenced records. The percentage was 
81 percent (See figure 13). 
When the non-medicated and medicated recordings were compared, 
the percentages of reproducibility dropped dras t ically (48 percent). 
The reprbducibility decreased even further to 42 percent when drugged 
and non-drugged subjects were compared at the two different angulations. 
Statistically there was a significant difference between the medi-
cated and non-medicated tracings. 
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It was also observed that many times a record coi ncided with ano-
ther record at RC and for varying initial distances av1a y from t hi s po int. 
The further away from RC the more divergence occurred, ho\,1ever ~ and 
the records were determined to be non-coincidental. Katowi cz , Cl ayton 
and Smith (1970) found similar results. In their study, they observed 
a significant differerice in reproducibility of the pro9ressive side 
shift. 
The above finding may be attributed to the· neuromusculature . 
At and around RC, there is a greater influence of the anatomicul deter-
minants, i.e., the 1 igamcnts of the temporomandibular joint. Ho\•1ever, 
as the jaw moves away from RC, the neuromusculature beg ins to demon-
strate an increase in importance. 
Another factor of influence in the duplication of border t ra cinqs 
is the rigidity of the Denar pantogrdphic system. Based on per sona l 
communication with clinicians that use the Denar pantographi c sys-
tem routinely, it is suggested that a more rigid instrument co uld 
most likely result in better duplicabili ty of the various tracings . 
It was observed that the panto~raphic instrwnent \•1as some\·1hat f l cxibl e . 
The concept of reproduci bi 1 i ty of the bordc~ .. mo vements i s Lhe 
backbone of the gn atholoyic a!)proac h to occ l usion . Ho\·,1ever , the 
question arises as to whether these recordings ar e co nstant espec i al ly 
under varying situations. Factors such as emot ional str ess, psych i c 
activity and anatomic features influence the consistency of the 
border tr a c i n g s . Fro 111 th i s pr· e 1 i mi n a :" y exp er i men t , i t ca n be con -
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· eluded that the neuromu scu l ar factors are extremely important \·1hen 
border movements are pantographed. 
Katowic z et. al. (19 70) tested the reproducibili ty of pantograph ic 
tracings by analyz ing the articulator setti ngs . A clinica l error of 
0.3 mm. wa s arbitrarily chosen in the first molar area. They found 
reproducibility a practical quality of border movements except for the 
progressive side shift. Six pantographic tracings were made on each 
subject and transferred to the articulator. N'J attempt was made on 
superimposing the records , however. 
Hatt (1968), on the other hand, utilizing a similar armamentarium 
came up \tlith strikingly contradictory results. In hi s study, a subj ect 
was pantographed. Six prosthociontists were asked to se t t he ar ti cu l a-
tor according to the recorded border movements. Six sets of different 
readings were obtained. All settings did follow the subj ect's bordet 
tracings on checking. In order to establ is f, a control, a f ull y ad-
justable articulator was set and the articulator was pantographed . 
All settings were recorded, the instrument was reset arbitrarily . 
The six prosthodontists again attempted to set the instrument accord-
ing to these border tracings. The result v1as the same as the cl i ni-
cal test. No six art iculator settings \·te re the same , a l though all 
follo\,led the sct·ibecl border mo vements . 
Serious doubts arise concern1n9 the reproducibili ty of the 
border movements. Gnathologists have changeci their occlusa l con -
cepts over the years, yielding to the strong influence of the ncuro -
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musculature. The concept today is ma inly one of a 11 ;,1ut ual ly pro-
tected occlusion". With this concept, it is no longer necessary to 
have a finely balanced o~clusion dictated solely by the border 
movements. The ma in concern here i s to record and a 11 ov1 for the 
Bennett movement and establish a good centric relation stop at the 
proper vertical dimension. For the occlusion to follow the entire 
scribed pantographic tracing is no t necessary. 
Ho\vever, the border cannot be inciiscri rn i nately thro\\111 asi rf.e . 
Patients should be given freedom to function up to their boundaries. 
Clayton (1971) found that patients with occlusions in which IC did 
not coincide ·with RC, the anterior tracings during chewing were in-
hibited from reaching the border movements . Ho\1 ever, \·1hen the 
occlusion was adjusted so that IC coincided with RC , the patients 
were capable of func t ioning to their borders. 
Also the value of utilizing the bordet mo vements is to record 
and use the Bennett movement for restorative procedures . The negl ect 
of proper understanding of the side shift could involve a triggering 
of the neuromusculu t ure leading to parafunc t ions. The result might 
be bruxism or induced fulcrums or irri tants in the poster ior occ lu-
sion permitting the musculature to effect force .1ecturs in t he Tf·lJ 
i n a manner to stretch the ct"ir1sules (Guichei 1970). 
The importance of the Bennett movement was emphus izcd by Mc 
Collum (1939) when he stated: 
"The shape of the Bennett movement has as much as, 
and probably more, influence uro:1 the art iculating 
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surfaces of the teeth than a~y other component 
o f j a \'J mo t i on s . 11 
Gran g el !' as quoted by Pa g e ( 1 9 51 ) re - em p ha s i zed th i s , 11 s i n c e i t i s the 
power mov ement, ·it 1s the most important of t he ma ndibular syneryy . 11 
Guichet (1970) agreed with the above. He and other s observed that 
the amount of Bennett movements tends to increase as t he occlus ion 
becomes more mutilated. 
In this experiment, it \I/as noted that out of a· t ota 1 of 94 
possible tracings analyzed for the side shift only 54.4 percent coin-
cided. Discrimination as to whether there was any difference between 
the immediate, distributed, early or progressive side shi f t was not 
made~ Rather, a qualitative analysis as to whether or 11o t the t rac-
inqs did coincide. It v1as no t ed t hat the non-coinci den t traci ngs 
often varjed ·during the progressive side shift. This is in ag reemen t 
with Katowicz, Clayton and Smith (1972). 
It is the op1n1on of this author that the capability to produc e 
border movements involves the patient's abili ty to control their 
muscles. TMJ dysfunction and/or mu scle spa~m wi th cli nical s i9ns and 
symptoms can eas ily alter the neuromusculature and resul t in non -
reµroducibility of the border mo vements . Yet ma ny di sease processes 
·are subclini ca l, i. e ., never ma nifes t t he111sc lvcs as ou tviord ac ute 
s i gns or symptoms . But if there , smo 1 der i ng beneat h 't he su1·f,1cc, 
the patient can adapt, and no obvious pathology i s present, the muscl e 
controls under such circumstanc es can be al tered enough to change 
the border movements. Accardi ng t o Granger ( 1962 ) , pat i en ts \'Ji t h 
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joint or muscle problen1s will have different border tracings before 
and during therapy. He noted that usually the later records will 
show an increase in the lateral side shift. Even after therapy, 
patients may not be able to reproduce the border tracings (Roura and 
Clayton 1975). 
It becomes necessary during extensive restorative procedures to 
prciperly program the neuromusculature in order to provide freedom of 
movement out to the patient's borders. The technique to accomplish 
this goal can vary. Pantography is one method. It is a technique 
in which the borders of·movement of the mandible can be visualized 
and utilized to establish an occlusion. Reproducibility is greatly 
enhanced and predictable when tracings are taken when a subject is 
under Valium. This approach permits the construction of the occlu-
sion through the recording and utilization of the lateral side shift 
of the jaw. 
The neuromusculature must not be unduly stressed. In reality, 
what is of rnajor concern is the programming of an occlusion which 
will cause the least induced stress to the neuron1 usculature, teeth 
and joint mechanism especially during parafunctions. 
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Fig. 14 Variation of RC in which tracings of a non-medicated 
subject (#3 ) were compared witt, the recordings from the subject 
with medicatioA. 
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Fig. 14 Variation of RC in which tracings of a non -medicated 
subject (#3) were compared with the recordings from the subject 
11ith medication. 
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SUMMARY AND CONCLU SIONS 
On three patients tracings were made on a modifi ed panto9raphic 
device. The traci ngs were made on glass flags \l1ith wax, etched and 
superimposed. The effect of body position and modification v,ere 
investigated. From t his res earch projec t, it ·can be concluded that: 
1. A precise me thod has be ~n developed which permits 
superi mposition of pantographic tracings for 
analysis. 
2. There is a signific3nt difference in reproduci-
bility between medicated and non-medicated 
subjects. 
3. The percentage coincidence of border trac ings 
increases significantly w~en the patient is 
pantographed \'Jhi 1 e under the influence of 
medication (Valium). 
4. The angulation of the body does not Jppear 
to be significant for reproducing border 
trac i ngs . 
5. There appears to be no sign ificant differ·ence 
in the reproduci bil ity of the border tracin9s 
relative to ti me (1, 1 1/2, 2, 2 1/2 ! 0urs) 
af t er med i cation. 
6. The latera l s ide shift of the jaw cannot 
a lways be reproduced accurately . 
7. The neuromuscu l ature appear5 t o be the over-
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riding factor governing ~order movements. 
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APPENDIX I 
THE EFFECT OF THE IMMEDIATE SIDE SHIFT' 
•. 
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APPENDIX II 
. ttf 
Horiz~Rt 
• 
8 -----------
Ant. Rt.Hor,z Rt.\/ er tic a I . 
PANTOGRAPHIC TRACINGS 
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APPENDIX III 
Ho~IZONTAL CcNTE.r\l OF ROTATION IN MANDlSLE, 5HO\VlNG ARC 
. _o F" CLOSUflE. 
l 04 
APPENDIX IV 
. 
B~\ 
· SAGITI"At. CENTER oFROTATlC>N OFMANDletE~Sf.fOWlNG (6) 
lRANSLA"tlON o,: BALAl\lC.11\lGC'c«t>YLE THROUGH -SAGtTTAL Ax.is oF -
\>JOR\Cl~G- C'oND'lLE. 6tvr~ A \/eR,TICAL Ra::i,uNEAR TRAc.tNG ON 
T1-1e V~1m:At. A.ATE. 
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APPENDIX V 
. ' 
A B 
. \/ER'TICAL ·cEt-l1ER OF ~A1'\oN oF MAwolaU:,,SHo\v,N6(B) 
TRANSLATION oF BAtA~CING CoNO.'ILE T~ROUGH VEim:AL Axis 
OF Wo~t(l\\fG CoNOYLe. Gtv1Na A HoR,ZOttTAL ~e-cr,t.1NEArt TRAC. .. 
11\JG- 0~ THE \J ERTi CAL PLATE •. 
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APPENDIX VI 
B 
A, A LAre:R.AL. MovEMENT. B, VECto~ ~ESULitNo 
t='ROM LATERt\t. \vtovEMENV OF MANDIBLE. tN Wrt1cH Bor.H 
VE.A.TICAL AND SAGITTAL CENTERS· OF ROTATION ARL: hJNC· 
"1:IONtNG S1MULTANEOUSLV. . 
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